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(54)Titte: raGH THROUGHPUT ASSAY SYSTEM USING MASS SPECTROMEIRY 

(57) Abstract " , 

The present invention relates to con^jositions, q)parBtus and mediods useful for conconendy peifonmiiig multiple, high throughput, 
biological or chemical assays, using repeated arrays of probes. A combinatioa of die invention oompiises a sui&ce. which comprises ^ 
plurality of test regions, at l^ast two of which, and in a piefored embodiment, at least twenty of whidi, are slistantially identical, wherein 
each of the test regions comprises an array of generic andior molecules. The andiois aie associated with bifimctional .linker molecules, 
eacl? containing a portion which is specific for at least oik of th^ lkidicj^ and a portion whidi Is a parobe specific for a' target of interest. 
The resulting array of probes is used to analyze the presence or test the activi^ of one or more taigrt molecidBs which specifically interact 
witft the probes. In one embodiment of the invention, the test regicMis (whidi can be wells) arc further subdivided into smaller subiegions 
(indentations, or dimples). In one embodiment of die invention. ESt^ are mapped. In anoto embodimoit, flie presence of a target 
nucleic acid is detected by protecting the target against nuclease digestion witb a pdynudeotide fragment, and analyzing the protected 
polynucleotide by mass spectrometry. 
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HIGH THROUGHI^UT ASSAY SYSTEM USING MASSSPEcb-RpMETO 

This jqpplicatipn claims priority of provisional supplication 60/068,291, filed 
Decemba- 19, 1 997, and of U.S. appUcation of serial nmbcr 09/109,076, filed on July 
2, 1 998, each of which disclosure is incorporated by refioifence hoein. 

Background Of The Invention 

This invention relates, e.g., to compositions, qyparatus and methods usefiil for 
concurrently performing multiple biological or chemical assays, using repeated arrays of 
probes. A plurality of regions each contains an array of generic anchor molecules. The 
anchors are associated with bifimctional linker molecules, each containing a portion 
which is ^ecific for at least one of the anchors and a portion which is a probe specific 
for a target of interest. The resultitig array of probes is used to analyze the presence of 
one ox more target molecules which interact specifically with the probes. The invention 
relates to diverse fields distinguished by the nature of the molecular interaction, including 
but not limited to pharmaceutical drug discovery, molecular biology, biochemistry, 
pharmacology and medical diagnostic technology. 

Plurahties of molecular probes arranged on sur&ces or '"chips" have been used 
in a variety of biological and chemical assays. Assays are performed to determine if 
target molecules of interest interact with any of the probes. Afier exposing the probes 
to target molecules under selected test conditions, detection devices determine whether 
a tar^ molecule has interacted wiA a given probe. 

These systems are iisefiil in a variety of screening procedures for obtaining 
information about either the prob^ or the target molecule. For example, they have been 
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used to soeen for peptides or potential drugs which bind to a receptor of interest, among 
others; to screen samples for the presence of, for example, genetic mutations, allelic 
variants in a population, or a particular pathogen or strain of pathogen, among many 
others; to ^dy gene expression, for example to identify the mRNAs whose expression 
is correlated with a particular physiological condition, developmental stage, or disease 
state, etc. 

Summary of the Invention ^ - ;: 

This invOTtion provides compositions, apparatus and methods for concurrently' 
performing multiple biological or chemical assays, and allows f9r high throughput 
analysis ofmultiple samples - for example, multiple patient samples to be screened in a 
diagnostic assay, or multiple potential drugs or therapeutic agents to be tested m a 
method of drug discovery. A combmation is provided which is useful for the detection 
of one or more targets in a sample. This combination comprises a surface comprismg 
a pluralily of spatially discrete regions, which can be termed test regions and which can 
be wells, at least two of which are substantially identical. Each surface comprises at Ic^t 
two, piefeably at least twenty or more, e.g., at least about 25, 50, 96, 864, or 1536, etc., 
of such sabstantially identical regions. Each test region defines a space for the 
introduction of a sample containing (or potentially <x)ntaining) one or more targets and 
contains a biological or chemical array. (Phrases such as "sample containing a target" 
or "detecting a target in a sample" are not meant to exclude samples or determinations 
(detection attempts) where no target is contained or detected. In a general sense, this 
invention involves arrays to determine whether a target is contained in a sample 
irrespective of w4ieflier it is or is not detected.) This array comprises generic "aaichors," 
each in association with a bifimctional linker molecule which has a first portion that is 
specific for ttie anchor and a second portion that comprises a probe which is specific for 
at least one of flie taiget(s). The combination of this invention is placed in contact with 
a sample containing one or more targets, which optionally react with a detector 
molecule(s), and is then interrogated by a detection device which detects reactions 
between target molecules and probes in the test regions, thereby generating results of the . 
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assay. 

The invention provides methods and compositions particularly useful for high 
throughput biological assays, hi especially preferred embodiments, the invention can be 
used for high throughput screening for drug discovery. For example, a high ttuoughput 
assay can be mn in many (100 for example) 96-well microplates at one time. Each well 
of a plate can have, e.g., 36 different tests performed in it by using an array of about 36 
anchor and linker pairs. That is, 100 plates, with 96 wells per plate, and each with 36 
tests per well, can allow for a total of 345,000 tests^for example^^^ 
drug candidates can be tested simultaneously for 36 different parameters or assays. Hig^b 
throughput assays provide much more information for each drug candidate than iio 
assays which test only one parameter at a time. For example, it is possible in a single 
initial high throughput screening assay to determine wheflier a drug candidate is 
selective, specific and/or nontoxic. Non-high thraughput methods necessitale CTte^ 
follow-up assays to test such parameters for each drug candidate of interest. Sevieral 
types of high throughput screening assays are described, e,g,, in Examples 15-17. TTie 
abiHty to perform simultaneously a wide variety of biological assays and to do very 
many assays at once (z.e, in very high throughput) are two important advantages of flie 
invention. 

In one embodiment, for example, using 96-well DNA Bind plat^ (Coming^ 
Costar) made of polystyrene with a derivatized surface for the attachment of primary 
amines, such as amino acids or modified oligonucleotides, a collection of 36 different 
ohgonucleotides can be spotted onto the surface of every well of plate to serve as 
anchors. The anchors can be covalently attached to the derivatized polystyraae, and the 
same 36 anchors can be used for all screening assays. For any particular ^issay, a given 
set of linkers can be used to program the surface of each well to be specific for as many 
as 36 different targets or assay types o^mterest, ^d diffo^ent test samples can be ^plied 
to each of the 96 wells in each plate. The same set of anchors can be used multiple times 
to re-program the surface of the wells for other targets and assays of interest, or it can be 
re-used rnultiple times with the same set of Unkers. This flexibility and reusability 
. , represent fiirther advantages of the invention. 
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One embodiment of the invention is a combination usefiil for the detection of one 
or more target(s) in a sample, which comprises, before the addition of said sample, 

a) a surface, comprising multiple spatially discrete regions, at least two of 
which are substantially identical, each region comprising 
5 b) at least eight different oligonucleotide anchors, each in association with 

c) a bifunctional linker which has a first portion that is specific for the 
oUgonucteotideafachor, and a second portion that comprises a pro for 
said taig;et(s). " - : :^ . - " : 

Another embodiment of tfie invention is a combination useful for the detection 
10 of one or more target(s) in a sai]:q)le, which comprises, before the addition of said sample, 

a) a surface, comprising multiple spatially discrete regions, at least two of 
which are substantially identical, each region comprising 

b) at least eight different anchors, each in association with / 

c) a bifunctional linker which has a .first portion that is specific for the 
1 5 anchor, and a second portion that comprises a probe which is specific for said target(s). 

Another embodiment of the invention is a method for deeding at least one target, 
which comprises contacting a sample which may comprise flie target(s) with a 
combination as described above, under conditions effective for said target(s) to bind to 
said combination. Another embodiment is a method for detominipg an RNA e)q)r^ionV 
20 pattem, which comprises incubating a sample which con^ris^ as faiget(s) at least two 
RNA molecules with a combination as described above, wherein at I^st one probe of the 
combination is a nucleic acid (eg., oligonucleotide) which is ^edfic (Le. selective) for 
at least one of the RNA targets, under conditions which are eflfective for specific 
hybridization of the RNA target(s) to the probe(s)- Another embodimeql; is a method for 
25 identifyuig an agent (or condition(s)) that modulates an RNA expression pattem, which 

"^"^is the method described above for determining an RNA expre^on pattern^ fiuther 
comprising "comparing the RNA expression pattmi produced in ttie pr^ence of said 
agent (or condition(s)) to the RNA expression pattem produced under a dififerent set of 
conditions. 

30 By way of example. Figures 1 and 2 illustrate a combination f the invention and 
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a method of using it to detect an mRNA target. The siirface of the invention, shown in 
Fig. 2, contains 15 identical test regions; in an especially preferred embodinient of the 
invention, each of these test regions is a well in a microtiter plate. Each of the test 
regions contains six different anchors, here indicated as numbers 1-6. Fig. 1 
schematically illustrates one of those anchors, anchor 1, which, in a most preferred 
embodiment of the invention, is an oUgonucleotide. To anchor 1 is attached a linker 
. molecule, litter 1, which comprises tyyio portions,. The first portion, which is specific 
for the anchor, is in this flliistiatioii an oUgonucleotide which (^ hybridize specifically 
to the anchor. The second portion, which is a probe specific for the target of interest - 
here, target mRNA 1 - is in this illustration an oligonucleotide which can hybridize to ; 
that target. Although not illustrated in this figure, each of the remaining five anchors can 
hybridize to its own linker via Ifae anchor-specific portion; each linker can contaui a 
probe portion specific for, eg:, an mRNAdiflferent from (or the same as) mRNA 1; This 
illustrated combination can be used to assay as many as 15 different san^les at the saitie J 
time for the presence of mRNA 1 (or, simultaneously, for mRNA targets which are 
specified 0>rogramm6d) by the oAer five probes in the array). To perform the assay, 
each sample, which in this example can be an RNA extract from, say, one of 15 
independrat cell lines, is added in a small volume to one of the regions, or wells, and 
incubated under conditions efifective for hybridization of the probe and the 6rgeL 
order to determine if mRNA 1 is present in a sample, a detection device which can 
recognize patterns, and/or can interrogate specific locatiorls within each region for the 
presence of a signal, is enq>loyed. If the cell lines are incubated under conditions in 
which their mRNAs are labeled in vivo with a tag, and if mRNA 1 is present in a sample, 
the detector will detect a signal emanating from the tagged mRNA at the location defined 
by anchor/probe complex 1. Alternatively, the mRNA can be directly labeled in vitro, 
before or afto- being added to the regions (wells). Altematively, as is illustrated iri Fig, 
1 , mRNA can be tagged indirecdy, before or aftra: it has hybridized to tire pfobe, e,g:^ by 
incubatuig the RNA with a tagged "detector^ oligonucleotide (target-specific reporter 
oligonucleotide) which is conq)]ementary to a sequence other than that recognized by the - 
probe. In tiie illustrated exanqile, 15 sanqiles can be analyzed simultaneously. Because 
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at least 20 or more, e.g., as many as 1536 or more, samples can be analyzed 
simultaneously with this invention, it is a very high throughput assay system. 

As used herein, "target" refers to a substance whose presence, activity and/or 
amount is desired to be determined and which has an affinity for a given probe. Targets 
can be man-made or naturally-occurring substances. Also, they can be employed in their 
unaltered state or as aggregates with other species. Targets can be attached, covalently 
or noncovalently, . to a binding member^ either directly , or via a specific binding 
substance. Examples of targets which can be employed in this invention include, but airie 
not limited to, receptors (on vesicles, lipids, cell membranes or a variety of other 
receptors); ligands, agonists or antagonists which bind to specific receptors; polyclonal 
antibodies, monoclonal antibodies and antisera reactive with specific antigenic 
determinants (such as on viruses, cells or other materials); drugs; nucleic acids or 
polynucleotides (including mRNA, tRNA, rRNA, oligonucleotides, DNA, viral RNA 
or DNA, ESTs, cDNA, PCR-amplified products derived from RNA or DNA, and 
mutations, variants or modifications thereof); proteins (including enzymes, such as those 
responsible for cleaving neurotransmitters, proteases, kinases and flie like); substrates for 
enzymes; peptides; cofactors; lectins; sugars; polysaccharides; cells; cellular membranes; 
organelles; etc., as well as other such molecules or other substances which can exist in 
complexed, covalently bonded crosslinked, etc. form. As used herein, the terms iiucleie 
acid, polynucleotide, polynucleic acid and ohgonucleotide are interchangeable. Targets 
can also be referred to as anti-probes. 

As used herein, a '*probe" is a substance, e.g., a molecule, that can be specifically 
recognized by a particular target. The types of potential probe/target or target/probe 
bmding partners include receptor/ligand; ligand/antiligand; nucleic acid (polynucleotide) 
mteractions, mcluding DNA/DNA, DNA/RNA, PNA (peptide nucleic acid)/nucleic acid; . 
enzymes, other catalysts, or other substances, with substrates, small molecules or bffector 
molecules; etc. Examples of probes that are conten:q)lated by this invention include, but 
are not limited to, oi^anic and inoiganic materials or polymers, including metals, 
chelating agents or otha- compounds which interact specifically with metals, plastics, 
agonists and antagonists for cell membrane receptors, toxins and venoms, vkal epitopes, . 
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hormones (e.g,, opioid peptides, steroids, etc.), hormone receptors, lipids (including 
phospholipids), peptides, enzymes (such as proteases or kinases), enzyme substrates, 
cofactors, drugs, lectins, sugars, nucleic acids (including oligonucleotides, DNA, RNA, 
PNA or modified or substituted nucleic acids), oligosaccharides, proteins, enzymes, 
polyclonal and monoclonal antibodies, single chain antibodies, or fi-agments thereof. 
Probe polymers can be linear or cyclic. Probes can distinguish between phosphorylated 
and non-phosphorylated proteins, either by virtue of differential activity or differential 
binding. Probes such as lectins can distinguish among glycosylated proteiris;' As used: 
herein, the temis nucleic acid, polynucleotide, polynucleic acid and oligonucleotide ai"e 
interchangeable. Any of the substances described above as "probes" can also serve as 
"targets," and vice-versa. 

Any compatible surface can be used in conjunction with this invention. The 
surface (usually a solid) can be any of a variety of organic or inorganic materials or 
combinations thereof, including, merely by way of example, plastics such as 
polypropylene or polystyrene; ceramic; silicon; (fused) silica, quartz or glass, which can 
have the thickness of, for example, a glass microscope slide or a glass cover slip; paper, 
such as filter paper; diazotized cellulose; nitrocellulose filters; nylon membrane; or 
polyacrylamide gel pad. Substrates that are transparent to light are useful when thfe 
method of performing an assay involves optical detectiorir In a preferred ejbibodimeht, 
the surface is the plastic surface of a multiwell, e.g., tissue culture dish, for example a 24- 
, 96-, 256-, 384-, 864- or 1536-well plate (e.g., a modified plate such as a Coming Costar 
DNA Bind plate). Anchors can be associated, e.g., boimd, directly with a surface, or can 
be associated with one type of surface, e.g., glass, which in turn is placed in contact with 
a second surface, e.g., within a plastic 'Veil" in a microtiter dish. The shape of the 
surface is not critical. It can, for example, be a flat surface such as a square, rectangle, 
or circle; a curved surface; or a three dimensional surface such as a bead, particle, strand,; 
precipitate, tube, sphere; etc. .w 

The surface comprises regions which are spatially discrete and addressable or 
identifiable. Each region comprises a set of anchors. How the regions are separated, 
their physical charactOTStics, and their relative orientation to , one another are not critical. 



wo 00/37684 



PCTAJS99/30515 



8 

In one embodiment, the regions can be separated fix)m one another by any physical 
barrier which is resistant to the passage of liquids. For example, in a preferred 
embodiment, the regions can be wells of a multiwell (e.g., tissue culture) dish, for 
example a 24-, 96-, 256-, 384-, 864- or 1536-well plate. Alternatively, a surface such as 
a glass surface can be etched out to have, for example, 864 or 1536 discrete, shallow 
wells. Alternatively, a surface can comprise regions with no separations or wells, for 
example a flat w of plastic, glass or paper, land i^^ ^ ^ ^ ^gions c^ 

further be dejSned by dveriayiiig a stmcture t^r^,. a piecfe^^ o^^'j^laiS^^^B^ 
delineate the separate regions. Optionally, a surface can already comprise one or more 
arrays of anchors, or anchors associated with linkers, before the individual regions are 
delineated. In another embodiment, arrays of andiors within each region can be separated 
from one another by blank spaces on the surface in which there are no anchors, or by 
chemical boundaries, such as wax or silicones, to prevent spreading of droplets. In yet 
another CTibodiment, the regions can be defined as tubes or fluid control channels, e.g., 
designed for flow-through assays, as disclosed, for example, in Beattie et al (1995). Clin. 
Chem. 4» 700-706. Regions within or on, etc. a sur&ce can also be defined by 
modification of the surface itself. For exan:q)le, a plastic surface can comprise portions ^ 
made of modified or derivatized plastic, which can serve, e.g.j as sites for the addition 
of specific types of polymers (eg., PEG can be attacl^ to a polystyrene sur&ce and 
derivatized with carboxyl or amino groiqis, double bonds, aldehydes, and die like). 
Alternatively, a plastic surfiice can comprise molded structures such as protrusions or 
biunps, which can serve as platfimns for the addition of anchors. The relative orientation 
of the test regions can take any of a variety of forms including, but not limited to, parallel 
or perpendicular arrays within a sqiuire or rectangular or other smface, radially extoiding 
arrays within a circular or other surface, or linear arrays, etc- 

The spatially discrete r^ions of the invention are present in multiple copies. 
That is, there are at least two, prcf^ably at least twenty, or at least about 24, 50, 96, 256, 
384, 864, 1536, 2025, or more, die., substantially identical, spatially discrete (separated) 
regions. Increasing numbers of repeated regions can allow for assays of increasingly 
higher tfaroug^iput. SubstantiaUy. id^tiqal,regipns, as used herein, refers to regions 
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which contain idmtical or substantially identical Bxmys of anchors andJbr anchor/linker 
complexes. Substantially identical, as used herein, means that an airay or region is 
intended to save essentially the same function as another array or region in the context 
of analyzing a target in accordance with this invmtion. DifferoicQ not essentially 
affecting function, Le,, detectability of targets, are along the line of snaU nucleotide 
imperfections (omissions/inserts/substitutions) or oligo imperfectiom ^oor sur&ce 
binding), etc., wWch do not within assay accuracy significantly affect taiget 
determination results. * r ^ ^ V:>v;.i ; . ^ : ^ 

Of course, one of skill in the art will recognize that not all of Ihe regions oh a 
surface need to be substantially identical to one another. For exan^le^if two different ' 
sets of airays are to be tested in parallel, it mi^t be advantageous to iiclude both sets 
of arrays on a single surface. For example, the two different srts of arrays can be 
arranged in alternating striped patterns, to facilitate conq)arison be{ff^een them, hi 
another embodiment, flie practitioner may wish to include one or more r^ons \^ch can 
be detected in a distinguishable maimer from the other regions on thesurfoce and can 
thereby be used as a '^registration region(s)." For example, a registntion region can 
comprise oligonucleotides or pq)tides which display a distinctive pattern of fluorescent 
molecule that can be recognized by a scanning detection device as a "stoting poinf ' for 
aligning tiie locations of the regions on a surfaci^. 

The size and physical spacing of the test regions are not limiting. Typical regions * 
are of an area of about 1 to about 700 mm^, preferably 1 to about 40 rnrrf, and are spaced 
about 0.5 to about 5 mm apart, and are routinely selected d^ending on the areas 
involved, hi a preferred embodiment, the regions are ^aced £^proxim^ly 5 mm apart. 
For exanq>le, each region could comprise a rectangular grid, with, for (xanq)le, 8 rows 
and 6 columns, of roujg^ circular spots of anchors which are about lOOmicrometers in 
diameter and 500 micrometers apart; such a region would cover abouta 20 miUimieter 
square area. Larger and snialler region areas arid spacings a^^ 

Hie r^ons can also be fiuther subdivided such that some or aB anchors wifiiin 
a region are physically separated from neighboring anchors by mems, eg., of an 
indentation or di^d^Forl^^ the numbo* of subdivisions (subregons) in a regii 

y:\lS^kthr^E^ COPY ■ 



wo 00/37684 



PCTAJS99/30515 



10 

can range from about 10 to about 100 or more or less. In one embodiment, a region 
which is a well of a 1536-well dish can be further subdivided into smaller wells, e.g., 
about 4 to about 900, preferably about 1 6 to about 36 wells, thereby forming an array of 
wells-within-wells. See Fig. 4. Such a dimpled sur&ce reduces the tolerance required 
5 for physically placing a single anchor (or group of anchors) into each designated space 

(locus), and the size of the areas containing anchors is more uniform, thereby facilitating 
the detection of targets which bind . to the probe. . 
■■■"^ ' The tenii "anchor^* ais used h^^ ; 
(or "group" of substantially identical such substances (see, e.g.. Fig. 7))' wWch is^^^^^^^^:^^^^'^^^^^^^^ ' \ 

10 associatedwith(e.g.,immobilizedon, or attached dfeo'covalently or non-coyalently to) < , 

the surface, or which is a portion of such sur&ce (e.g., derivatized portion of a plastic ' . 

surface), and which can imdergo ^ecific int^BCtion or association with a hnker or other 
substance as described herein. As used herein, an "anchor/linker complex" exists when 
an anchor and a linker have combined through molecular association in a specific / . 

15 manner. The interaction with the linker can be either irreversible, such as via certain 

covalent bonds, or reversible, such as via nucleic acid hybridization. In a preferred 
embodiment, the anchor is a nucleic acid, which can be of any length (e.g., an 
oUgonucleotide) or type (eg., DNA, RNA, PNA, or a PCR product of an RNA or DNA ; ^ 
molecule). The nucleic add can be modified or substituted (e.g., comprising noii - " ' \ 

20 naturally occurring nucleotides such as, e.g., inosin^ joined via vaioiis known linkages 

such as sulfamate, sulfainide, phosphorothionale, mefliylphosphonate, carbamate, etc.; 
or a semisynthetic molecule such as a DNA-strqytavidin conjugate, etc.). Single stranded 
nucleic acids are preferred. The anchor can also be a peptide or a protein. For exam 
it can be a polyclonal or monoclonal antibody molecule or fiagment thereof, or single 

25 chain antibody or fragment thefeof, which binds specifically to the portion of a linker 
that is an antigm or an anti-antibody molecule; in the obverse, the anchor can be a 
peptide, and the portion of Ihe linker which binds to it can be an antibody or the like, hi 
anotfier embodiment, the anchor can be a lectin (such as concanayalin A or agglutiniiis ' ^ " ; 

fh)m orgmusms such as Limulus/peanut, mung bean, I^aseolus, wheat germ, 

30 is specific for a particular carbohydrate. In another embodhnent, the anchor can be an ' ^ r 
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organic molecule, such as a modified or derivatized plastic polymer which can serve, 
e.g., as the stage for specific solid phase chemical synthesis of an oUgonucleotide. In this 
case, the derivatized plastic can be distributed as an array of discrete, derivatized, loci 
which are formed integrally into the plastic surface of a combination during the 
manufacturing process. In another embodiment, the anchor can take advantage of 
specific or preferential binding between metal ions, e,g,, Ni, Zn, Ca, Mg, etc. and 
particular proteins or chelating agents. For example, the anchor can be polyhistidine, and 
the anchor-specific portion of the linker can be nickel, which is attacKedivia a nickel , 
chelating agent to a target-specific probe. Alternatively, the chelating agent can be the ' 
anchor and the polyhistidine die probe-related portion. Altematively , the anchor c^ be . 
an inorganic substance. For example, it can be a metal such as calcium or magnesium, 
and the anchor-specific portion of the linker can be a preferential chelating agent, such 
as EDTA or EGTA, respectively, which is attached to a target-specific probe. One of 
skill in the art will recognize that a wide range of other types of molecules can also serve 
as anchors, such as those general types also discussed in conjunction with probes and 
targets. 

The number of anchors in a test region can be at least two, preferably between 
about 8 and about 900 (more or less being included), more preferably between about 8 
and about 300, and most preferably between about 30 and about 100 (e.g., about 64). In 
some prefmed embodiments, there are about 16, 36, 45 or 100 anchors/test region for 
a sxuface with 96 test regions (e.g:, wells), or about 9, 16 or 25 anchors/test region for a 
surface witti 384 test regions (e.g., wells). In a most preferred embodiment, each anchor 
in a test region has a diffeient specificity fi^om every other anchor in the array. However, 
two or more of the anchors can share the same specificity and all of the anchors can be 
identical In one embodiment, in which a combination of the invention comprises a very 
large number of test regions (e.g., about 864, 1536, or more), so that a large number of 
test samples can be proceed at one time, it might of interest to test those samples for 
only a limited number (e.g., about 2, 4, 6 or 9) of parameters. In other words, for 
combinations comprising a very large number of regions, it might bie advantageous to 
have only about 2 to 9 anchors per region. 
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^ SThe physical spacing and relative orientation of the anchors in or on a test region 
are not limiting. Typically, the distance between the anchors is about 0.003 to about 5 
mm "or less, preferably between about 0.03 and about 1. Larger and smaller anchor 
spacings (and areas) are included. The anchors can be arranged in any orientation 
relative to one another and to the boundaries of the region. For example, they can be 
arranged in a two-dimensional orientation, such as a square, rectangular, hexagonal or 
other aih^y-^;^^^^ array with anchors emanating from the center in radial lines or 

concentric; nhgs. Th^ anchors can also be arranged ill' iaone-dimendonaL,"Me^ 
For example, oligonucleotides can be hybridized to specific positions along aDNA or ; 
RNA sequence to form a supramolecular array. Alternatively, the anchors can be laid 
down in a "bar-code"-like formation. (See Fig. 6), For example, anchors can be laid 
down as long lines parallel to one another. The spacing between or the width of each 
long fine can be varied in a regidar way to yield a simple, rescog^izable pattern much like 
a bar-code, e.g., the first and third lines can be twice as large as the rest^ lin^ can be 
omitted, etc. An extra empty line can be placed after the last line to demarcate one test 
region, and the bar code pattern can be repeated in succeeding test regions. 

The pattern of anchors does not need to be in strict registry with the positions, of 
the separated assay wells (test regions) or separate assay droplets. The term "assay 
position^" ^^ll be used to refer to the positions of the assay surface vdiene assay sanq^les :- 
are apphed. (These can be defined by the position of separate droplets of assay sample 
or by the position of walls or separators defining individual assay wells on amulti-wdl 
plate for example.) The anchor pattern itself {e.g,, a "bar code"-like pattern of 
oligonucleotide anchors) is used to define where exactly each separate anchor is 
positioned by pattem recognition - just as each line of a barcode is recognized by its 
position relative to the remaiiung lines. Hence the first anchor need not be at one edge 
or one comer of each assay position. The first anchor will be found by pattem 
recognition, rather than position relative to the assay position. As long as the area used : 
by each assay position (the area of the droplet or the area of the well for exainple) is largp 
enough to be certain to contain at least one whole unit of the repeating pattem of anchors; 
then each assay point will test the sample for that assay position for all of the targets 
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specified by the (bar-coded) pattern wherever ttie pattern lies withm the area of the assay 
position. 

The anchors do not need to be arranged in a strict or even fixed pattern within 
each test region. For example, each anchor can be attadied to a particle, bead, or the 
5 like, which assumes a random position within a test region. The location of each 

anchor can be determined by the use, e,g., of a detectable tag. For example, the linker 
/raoilp^^ type of anchor 9an be lab a different fluorescent, 

lufniiib^ceht etC; tag, arid the position of a particle cOilq)nsing a'paprtiQular >> . 

linker/anchor pair can be identified by the nature of the signal emanating finoih the f 

1 0 linker, e.g., the excitation or emission spectrum. One skilled in the art can prepare a 

set of linkers with a variety of such attached tags, eadi with a distinguishabie 
spectrum. Alternatively, the anchors can be labeled directly. For example, each type 
of anchor can be labeled with a tag which fluoresces with a different spectrum fiom 
the tags on other types of anchors. Alternatively, the particles, beads or the like can 

15 be different fi-om one another in size or shz^e. Any of the labeling and detection 

methods described herein can be employed. For exanqile, fluorescence can be 
measured by a' CCD-based imaging system, by a scanning fluorescence microscope'or 
Fluorescence Activated Cell Sorter (FACS). 

An anchor can interact or become associated ^ecifically with one |Mirtion - tiifc 

20 anchor-specific portion - of a linker molecule. By the toms 'interact" or "associate", it 

is meant herein that two substances or compounds (e^., anchor and andior-specific 
portion of a linker, a probe and its target, or a target and a target-specific iq)orter) af6 
bound ie.g., attached, bound, hybridized, joined, annealed, covalently linked, or 
otherwise associated) to one another suflEiciently that the intended assay, can be 

25 conducted. By the terms "specific" or "specificall/*, it is meant herein that two 

components (e.g., anchor and anchor-specific region of a linker, a probe and its taiget, 
or a target and a target-specific reporter) bind selectively to each other and, in the 
absence of any protection technique, not gently to otfao- components unintended for 
binding to the subject conq)on^ts. The parameters required to achieve specific 

30 interactions can be determined routinely, e.g,, using convmtional methods in fliei art. 
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For nucleic acids, for example, one of skill in the art can determine 
e^enmentally the features (such as length, base composition, and degree of 
complementarity) that will enable a nucleic acid (e.g., an oligonucleotide anchor) to 
hybridize to another nucleic acid (e.g., the anchor-specific portion of a linker) under 
conditions of selected stringency, while minimizing non-specific hybridization to other 
substances or molecules (e.g., other oligonucleotide linkers). Typically, the DNA or 
dher nucleic acid sequence of ant. anchor, a po or a detector 

di'gonuclebtide will have sufficieftf complementarity tb'its bii^^ to eiiable it 

tohybridize undo: selected stringent hybridization conditions, and the T„ will be about 
W to 20^ C. above room temperature (e.g. , about 37* C). In general, an oligonucleotide 
anchor can range jftom about 8 to about 50 nucleotides in length, preferably about 1 5, 20, 
2 or 30 nucleotides. As used herein, "high stringent hybridization conditions" means 
aiy conditions in which hybridization will occur when there is at least 95%, preferably 
about 97 to 100%, nucleotide complementarity (identity) between the nucleic acids. 
However, depending on the desired purpose, hybridization conditions can be selected 
vhich require less complementarity, e.g., about 90%, 85%, 75%, 50%, etc. Among the 
li^ridization reaction parameters which can be varied are salt concentration, buffo:, pH, 
taiqjerature, time of incubation, amount and type of denaturant such as formamide, etc. 
(lee, e.g., Sambrook a/. (1989). Molecular Cloning: A Laboratory Manual (2d ed.), 
\ols. 1-3, Cold Spring Harbor Press, New York; Hames et al (1985). Nucleic Acid 
jfybridization, JL Press; Davis et al. (1986), Basic Methods in Molecular Biology, 
Bsevir Sciences Publishing, Inc., New York). For example, nucleic acid (e.g., linker 
digonucleotides) can be added to a test region (e.g., a well of a multiwell plate - in a 
pefened ^bodhnent, a 96 or 384 or greater well plate), in a volume ranging fix)m about 
01 to about 100 or more ul (in a preferred embodiment, about 1 to about 50 ul, most 
peferably about 40 ^l), at a concentration ranging fiiom abou^0i01»^o^bout 5 iiM (in a 
pefared embodiment, about 0, 1 nM), in a buffer such as, for example, 6X SSPE--T (0.9 
MNaCl, 60 mM NaH2P04. 6 mM EDTA and 0.05% Triton X- 100), and hybridized to 
abinding partner (e.g., an oligonucleotide anchor on the surfece) for between about 10 
minutes and about at least 3 hours (in a preferred ernbodiment, at least about 15 minutes) 
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at a temperature ranging from about 4*^ C. to about 37** C. (in a preferred embodimoit, 
at about room temperature). Conditions can be chosen to allow higji tbroug^ut. In one 
embodiment of the invention, the reaction conditions can ^proximate physiological 
conditions. 

The design of other types of substances or molecules (e,g„ polypeptide, lecdns, 
etc.) which can, e.g., serve as anchors or as portions of linkers, and the reaction 
conditions required tp achieve spec with their binding partners, are 

routine and conventional in the art (e.g., as described in Maneyer e^ a/ (IPM).;/^/.. 
Acids Res. 22, 5530-5539; Fodor et al (1996), U,S. Patent No. 5,510,270; Phnmge^ a/ 
(1992), U.S. Patent No. 5,143,854). Among the uicubation parameters are buffer, salt 
concentration, pH, temperature, time of incubation, presence of carrier and/or agents or 
conditions to reduce non-specific interactions, etc. For example, to a test region (eg., 
a well of a multiwell plate - in a preferred embodiment, a 96 or 384 or greater well plate) 
which contains, as anchors, antibodies, can be added anti-mtibodies (e.g., antigens or 
antibody-specific secondary antibodies) in a volume ranging fiom about 0. 1 to about 100 
or more pi (in a preferred embodiment, about 1 to about 50 pi, most preferably about 40 
pi), at a concentration ranging from about 10 pM to about 10 nM (in a prefi^fied 
embodiment, about 1 nM), in a buffer such as, for example, 6X SSPE-T, PBS or 
physiological saline, and incubated with the anchors on the sur&ce for betweoi about 10 
minutes and at least about 3 hours (in a prefened embodimeot, at least about 15 minutes), 
at a temporature ranging from about 4^ C. to about 45® G. (in a preferred raibodimoit, 
about 4° C). For peptide anchors, a length of about 5 to about 20 amino acids is 
preferred. 

In some embodiments of theinyeiitian, each anchor in an array can interact with 
the anchor-specific portion of its corresponding linker to substantially the same degree^ ■ 
as 4o the other anchors in the array, under selected reaction conditions: lliis ca^ 
that the anchors specify a substantially imiform array of linkd^ MdrtiTerefinre, probes. 

The anchors within a test region can be a "genaic" set, each anchor f which can 
interact with one or more of a variety of dif&rcnt linkers, each having a portion i^ecific 
to such anchor but with differing "probe" portions; thus, a single array of g^^c anduirs 



wo 00/37684 



PCT/US99/30515 



16 

can be used to program or define a varied set of probes. The flexible nature of such a 

generic assay of anchors can be illustrated with reference to Figures 1 and 2. Fig. 2 

illustrates a surface which comprises 1 5 test regions, each of which contains an array of 

6 different anchors, which in this example can be oUgonucleotides. Fig. 1 schematically 

illustrates one of these (oligonucleotide) anchors, anchor 1, which is in contact with 

linker 1, which comprises one portion that is specific for anchor 1 and a second portion 

thatjs specific for target mRNA I z-Altenaatively, one cou substitute, e.g., a linker 2, 

which, like linker 1, comprises a portion that is spedfie ft)r-^^^ but^ which; 

comprises a second portion that is specific for target mRNA 2 instead of target inRNA^ 

1 . Thus, anchor I can be used to specify (or program, or define, or determine) probes for 

either of two or more different target mRNAs. The process of generating and attaching 

a high resolution pattern (array) of oUgonucleotides or peptides can be expensive, tiine- - 

consuming and/or physically difficult. The ability to use a pre-formed array of anchors . 

to program a wide variety of probe arrays is one advantage of this invention. 

Although the generic anchors illustrated in Fig. 2 define a pattern bf 

oligonucleotide probes, the identical anchor array could also be used to program an array 

of other probes, for example receptor proteins (see, e,g.. Fig. 3). Clearly, many 

permutations are possible, given the range of types of anchor/linker interactions, eg., 

even more complex layers of "sandwiched" or "piggybacked" probes such as* 

protein/antibody combinations. Thus, the surface of anchors per this invention, itsielf, 

offers novel advantages. 

• - 

In one «nbodiment of the invention, anchors can iiiteract reversibly with linkers; 
thus, a generic set of anchors can be re-used to program a varied set of probes. For 
example, an oligonucleotide anchor can be separated firom the oligonucleotide portion 
of a linker by, for example, a heating step that causes the two oligonucleotides to 
dissociate, and can then be rebound to^a-second ^linker. The ability to re-use anchor 
arrays, which can bejxpjnsiv^ physically difficult to make, is 

another advantage of the invention. 

An anchor does not necessarily have to interact with a linker. For example, an 
anchor can be coupled (directly or indirectly) to a detectable molecule, such as a 
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fluorochrome, and can thereby serve to localize a spot witha a grid, eg., for purpose of 
registration between the test surface and the detector Alfematively, an anchor can be 
labeled with a known amount of a detectable molecuLso as to serve as internal 
quantitation marker, e.g. , for purposes of calibration. 

The term "linker" as used herein xefenrs to a bliinctional substance which 
comprises a first portion (or moiety or part) that is speciSc for a chosen (designated) 
: . anchor or subset of the anchors ("anchor-specific*?) and a scond portion that is a probe 
whick is specific for a target of intererf 

can be attached via covalent or noncovalent linkages, ari can be attached directly or 
through an intermediate. 

The chemical nature of the anchor-specific portioiof the linker is, of course, a 
fimction of the anchor or anchors with which it interacts. For exan^ile, if the anchor is 
an oligonucleotide, the portion of the linker which interact with it can be, for example, 
a peptide which binds specifically to the oligonucleotide or a nucleic acid which can 
hybridize efficiently and specifically to it under sekted stringent hybridization 
conditions. The nucleic acid can be, e.g., an oligonuclecfide, DNA, RNA, PNA, PGR 
product, or substituted or modified nucleic acid {eg., compising non naturally-<>ccurnng 
nucleotides such as, e.g., inosine; joined via various knovn linkages such as sulfamate, 
sulfamide, phosphoiothionate, methylphosphonate, caiamate; or a semisynthetic 
molecule such as a DNA-streptavidin conjugate, etc.). Single strand moieties are* 
preferred. The portion of a linker which is specific for 21 oligonucleotide^chor cati 
range &om about 8 to about 50 nucleotides in loigth, preferably about 15, 20, 25 or 30 
nucleotides. If the anchor is an antibody, theportionof 4e linker which interacts with 
it can be, e.g., an anti-antibody, an antigm, or a smafcr fi:agmOTt of one of those 
molecules, which can interact specifically with the ancbr. Substances or molecules 
which interact specifically with the other types of anchoB described above, and which 
, , ^ r^m gpitvft as the anchor^specific portion of a linker, arc wdl-known in the ^r^ and can be 
designed using conventional procedures (e.g., see abov^ j 

The chemical nature of the target-specific portiaof the linker is, of course, a 
, fimction of the target for which it is a probe and with wHch it interacts. For example. 
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if the target is a particular mRNA, the target-specific portion of the linker can be, e,g., 
an oligonucleotide which hinds specifically to the target but not to interfering RNAs or 
DNAs, under selected hybridization conditions. One of skill in the art can, using art- 
recognized mediods, determine experimentally the features of an oligonucleotide that 
will hybridize optimally to the target, with minimal hybridization to non-specific, 
int^eiing DNA or RNA (e.g., see above). In general, the length of an oligonucleotide 
probe used to distinguish a target otRNA present in a background of a large excess of 
untargeled RNAs can range from about 8 to about 50 nucleotides in length, preferably^ 
about 18, 20, 22 or 25 nucleotides. An oligonucleotide probe for iise in a biochemical 
assay in which there is not a large backgroimd of competing'lSrgets can be shorter. 
Using art-recognized procedures (e.g., the computer program BLAST), the sequences of 
oligonucleotide probes can be selected such that they are mutually unrelated and are 
dissimilar from potentially interfering sequences in known genetics databases. The 
selecticm of hybridization conditions that will allow specific hybridization of an 
oligonucleotide probe to an RNA can be determined routinely, using art-recognized 
procedures (eg., see above). For example, target RNA [e.g., total RNA or mRNA 
extracted fiom tissues or cells grown (and optionally treated with an agent of interest) in 
any vessel, such as the well of a multiwell microtiter plate {e.g., 96 or 384 or more - 
wells)] can be added to a test region containing a oligonucleotide probe array (see above) 
in abufi^such as 6X SSPE-T or others, optionally containing an agent to reduce riori- 
spedfic binding (e.g., about 0.5 mg/ml degraded herring or sahnon sperm DNA, or yeast 
RNA), and incubated at an empirically determined temperature for a period ranging fiiom 
betweai about 10 minutes and at least 18 hours (in a preferred embodunent, about 3 
hours). The stringency of the hybridization can be the same as, or less than, the 
stringency employed to associate the anchors with the anchor-specific portion of the 
linkers. The design and use of other types of probes are also routine in the art, e.g., as 
discussed above. ^ 

The anchor-specific and the target-specific portions of a linker can be joined 
(attached, linked) by any of a variety of covalent or non-covalent linkages, the nature of 
which is not essential t the invention. The two portions can be joined directly or. 
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through an uiennediate molecde. In one embodiment, in which both portions of the 
linker are ribonucleotides, tey can be joined by covalent linkages such as 
phosphodie^ bonds to form asingle, colinear nucleic acid. In another embodiment, 
in whidi theairfior-specific podon is an oligonucleotide and the target-specific portion 
5 is a receptoi;fe example a raeptor protein, the two portions can be joined via the 

mteraction ofMotin and strqitavidin molecules, an example of which is illustrated in Fig. 
3 . Many var^fcrn of such liik^es are loio^^^ 

5530-5539), Aitematively, he two portions can be joined directly^. e,g;,^.a^ 7 . / . ; 

oligonucleotiiecan be anudatedand then linked directly (e.^^ 
10 or protein via» amide bond, oijoined to a membrane component via ah amide bond ~ * 

a lipid attadmeit. M^odsto form such covalent or noncoval^t bonds are 

conventional and are readily opfimized by one of skill in the art. 

Afierftni substances areassociated {e.g,, by incubation of two nucleic acids, two 

proteins, a pntein plus a nucldc acid, or others) to form a complex (such as, e.g., an 
15 anchor/linkCTomiplex), the resdting comply can be optionally treated (eg., washed) 

to remove uBlrand substances(e.g., linkers), using conditions which are determined ; . 

empirically Id leave specific irtoctions intact, but to remove non-spedfically bound : ^ 

material. Fiv example, reactia mixtures can be washed between about one and ten ^ 

times or moicmdCT the same OKomewhat more stringent conditions than thbse use^^^ 
20 achieve the aoqilex (eg., ancbr/linker complex). 

The amnbinations of Ms invention can be manufactured routinely, using 

conventionaliBcimology. 

Some erf* flie sur&c^ which can be used in the invention are readily available 

from commsBoal supplim. Ina preferred embodiment, the surface is a 96- , 384- or 
25 1536-well nicnititer plate ach as modified plates sold by Comihg Costar. 

Alternative^ a surface compising wells which, in turn, comprise indentations or . . :^ >- 

^ ar ."^Mg^P^g^ rr'^"^^'^ fonned by.zntromachining a substance such as aluminum^^ted^to ^ ;^ 

prepare a niiii Aen microinjeting plastic or a similar materia 

astmcturesixfcsGfhatillustratdinFig. 4. Alternatively, a structure such as that shown . ' • 

30 in Fig- 4, coamised of glass, tiastic, ceramic, or the like, can be 
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three pieces such as fiiose illustrated in Fig. 5: a first section, called a well separator 
(Fig. 5a), which will form the separations between the sample wells; a second section, 
called a subdivider (F?. 5b), which will form the subdivisions, or dimples, within each 
test well; and a third section, called abase (Fig. 5c), which will iform the bas^f the plate 
and the lower surfaceof the test wells. The separator can be, for example, a piece of 
material, e.g., silicone, with holes spaced throughout, so that each hole will form the 
walls of a test well vdm the three pieces.are j oined. The subdivider can be, for example, 
a thin piece of material eg., silicone, shaped in the form of a screen or fine meshvirbrlc. ! 
The base can be a fU piece of mat^al, e.g., glass, in, for example, the shape of the 
lower portion of a typical microplate used for a biochemical assay. The top surface of . 
the base can be flat, asiUustrated in Fig. 5c, or can be formed with indentations that will 
align with ttie subdivider shf^e to provide fiill subdivisions, or wells, within each sample 
well. The three piecescan be joined by standard procedures, for example the procedilres 
used in the assembly of silicon wafers. 

Oligonucleotide anchors, linker moieties, or detectors can be synthesized by 
conventional technolc^y, eg., wifli a commercial oligonucleotide synthesizer and/or by 
ligating togetha- subfiigmeots that have been so synthesized. In one embodiment of the^ 
invention, prefonned nucleic add anchors, such as oligonucleotide anchors, can be 
situated on or withinthe surface of a test region by any of a variety of conventional 
techniques, includingphotolittiographic or silkscreen chemical attachment, disposition 
by ink jet technolog;y,c2pillaiy, ssxeea or fluid channel chip, electrochemical patterning 
using electrode anu^^ccmtacting with a pin or quill, or dmaturation followed by baking 
or UV-irradiating onto filters (see, eg., Rava et al (1996). U.S. Patent No. 5,545,531; 
Fodor et al (1996). Ui. Patent No. 5,510,270; Zanzucchi et al (1997). U.S. Patent No. 
5,643,738; Brennan (1995). U.S. Patent No. 5,474,796; PCT WO 92/10092; PCT WO \ 
90/1 5070). Anchors can be placed on top of the surface of a test region or can be, for 
example in the case ofapolyactylamide gel pad, imbedded within ,theL,smface in suGh>g^ 
manner that some d the anchor protrudes fi-om the surface and is available for 
interactions with thetinker. In a preferred embodiment, preformed oligonucleotide" 
anchors are derivatoed at the 5* end with a fi'ee amino group; dissolved at* a*. 

. vM^i^::--.^ t^^^'^'i^^ ■ 
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concentration routinely detornined empirically (e.g., about 1 ^M) in a buflfer such as 50 
mM phosphate buffer, pH 8.5 and 1 mM EDTA; and distributed with a Rxus nanoj^ 
dispenser (Cartesian Technologies) in droplets of about 10.4 nanoUtas onto specific 
locations wifliin a test well whose upper surface is that of a fiiesh, dry DNA Bind plate 
(Coming Costar). Depending on the relative rate of oligonucleotide attachment and 
evaporation, it may be required to control the humidity in ttie wells during preparation. 
In another embodimerit, oligonucleotid&'anchGrs can be synthesized directly on the 
siuiace of a test region, using conventional methods sxch as, e.g., light-actiyited 
deprotection of growing oligonucleotide chains (eg:, in coqunction with the use of a site 
directing "mask") or by patterned dispmising of nanoliter droplets of deactivating 
compound using a nanojet dispetvser. Dqnotection of all growing sequences that are to 
receive a single nucleotide can be done, for example, and the nucleotide then added 
across the surface. 

Peptides, proteins, lectins, cJielation embodimrats, plastics and other types of 
anchors or link^ moieties can also be routinely g^erated, and anchors can be situated 
on or within surfaces, using appropriate available technology (see^ e,g., Fodor et al 
(1996). U.S. Patent No, 5,510,270; Pirrung et al (1 992). U.S. Patent No! 5,143,854; 
Zanzucchi et al (1997). U.S. Patait No. 5,643,738; Lowe & a/ (1985). U,S. Patent No. 
4,562,157; Niemeyer a/ (1994). iSMi? 22, 5530-5539). 

In some embodiments of the invention, the disclosed combinations are used in 
a variety of screening procedure and/or to obtain information about the level, activity 
or structure of the probes or target molecules. Such assays are temied Multi Array Elate 
Screen (MAPS) methods or assays, and the sur&ces conq)rising arrays of anchors or 
anchors plus probes which are used for the assays are temied MAPS arrays or MAPS 
plates. 

The conq^onents of a roiction mixture, assay, or screening procedure can be 
assembled in any ordor. For example, Jhc^ anchors , linkers and targets can be assembled 
sequentially; or targets and linka:s, in the presence or absence of reportCTS, can be 
assembled in solution and then contacted with the anchozs. [ 

One embodimmt of the invention relates to a m^od of detecting at least one 
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target, comprising 

a) contacting a sample which may comprise said target(s) with a bi&nctional 
linker which has a first portion that is specific for an oligonucleotide anchor and a second 
portion that comprises a probe which is specific for said target(s), under conditions 

5 effective to obtain a first hybridization product between said target(s) and said linker, 

b) contacting said first hybridization product with a combination under 
conditions effective to obtain a second hybridization product between said first 
hybridization product and said combination, wherein said combination coniprises,^efore' 
the addition ofsaid first hybridization product, 

10 1) a surface comprising multiple spatially discrete regions, at le^t ' 

two of which are substantially identical, each region comprising 
2) at least 8 different oligonucleotide anchors, 

c) contacting said first hybridization product or said second hybridization 
product with a labeled detector probe, and 

15 d) detecting said detection probe. 

Each of the assays or procedures described below can be performed in a high 
througIq)ut maimer, in which a large number of samples {e,g., as many as iabout 864, 
1036, 1536, 2025 or more, depending on the number of regions in the combination) are 
assayed on each plate or surface rapidly and concurrently. Further, many plates or 

20 surfaces can be processed at one time. For example, in methods of drug discovery, a 
large number of samples, each comprising a drag candidate (eg:, a member of a 
combinatorial chemistry library, such as variants of small molecules, pqjtides, 
oligonucleotides, or other substances), can be added to separate regions of a combination 
as described or can be added to biological or biochemical samples that are then added to 

25 separate regions of a combination, and incubated with probe arrays located in the 
region^ and assays can be performed on each of the samples. Witih die i^ent advmt and^^ 
continuing development of high-density microplates, DNA spotting tools and of methods 
such as laser technology to generate and collect data fi-om even denser microplates, 
robotics, improved dispensers, sophisticated detectipn systems and data-minagement 
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software, the methods of this invention can be used to screen or analyze thousands or 
tens of thousands or more of compounds per day. 

For example, in embodiments in which the probes are oligonucleotides, the assay 
can be a diagnostic nucleic acid or polynucleotide screen (e.g., a binding or other assay) 
5 of a large number of samples for the presence of genetic variations or defects (eg., 
polymorphisms or specific mutations associated with diseases such as cystic fibrosis. 
See, e g., litia et al (1992). Molecular and Cellular Probes 6, 505-512) ); pathogenic 
organisms (such as bacteria, viruses, and protozoa, whose hosts are animals, including 
humans, or plants), or mRNA transcription patterns which are diagnostic of particular 

10 physiological states or diseases. Nucleic acid probe arrays comprising portions of ESTs 
(including full-length copies) can be used to evaluate transcription patterns produced by 
cells bom which the ESTs were derived (or others). Nucleic acid probes can also detect 
peptides, proteins, or protein domains which bind specifically to particular nucleic acid 
sequences (and vice-versa). 

15 In another embodiment, the combinations of the invention can be used to monitor 

biochemical reactions such as, e.g, interactions of proteins, nucleic acids, small 
molecules, or the like - for example the eflficiency or specificity of interactions between 
antigens and antibodies; or of receptors (such as purified receptors or recq)tors bound 
to cell membranes) and their ligands, agonists or antagonists; or of enzymes (such as 

20 proteases or kinases) and their substrates, or increases or decreases in the amoimt of 
substrate converted to a product; as well as many othfers. Such biochemical assays can 
be used to characterize properties of the probe or target, or as the basis of a screening 
assay. For example, to screen samples for the presence of particular proteases (e.g., 
proteases involved in blood clotting such as proteases Xa and Vila), the sanq>les can be 

25 assayed on combinations in which the probes are fluorogenic substrates spedfic for eadi 
protease of interest. If a target protease binds to and cleaves a substrate, die substrate 
will fluores ce, usuall y as a r esult , g.g., of cleavage and separation between two energy 
transfer pairs, and the signal can be detected. In another example, to screen samples for 
the presence of a particular kinase(s) (e.g., Src, tyrosine kinase, or ZAP70), samples 

30 containing one or more kinases of interest can be assayed on combinations in which the 



wo 00/37684 



PCT/US99/30515 



24 



probes arc peptides Mdiich can be selectively phosphorylated by one of the kinases of 
interest. Using aitHfecognized, routinely detenninable conditions, samples can be 
incubated with Ihe aiiay of substrates, in an appropriate buffer and with the necessary 
cofactors, for an eiiq[>irically detennined pmod of time. (In some assays, e.^., for 
5 biochemical studies of factors Aat regulate the activity of kinases of interest, the 

concentratioii of eadi kinase can be adjusted so fliat each substrate is phosphorylated at 
a similar rate.) Afto" treating washing) each reaction under empirically determined 
conditions to ronove kinases and undesired reaction components (pptiorially); the 
phosphorylated substrates can be detected by, for example, incubating them with 

10 detectable reagents such as, eg:, fluorescdn-labeled anti-phosphotyrosine or anti- 

phosphoserine antibodies (eg:, ataconc^itration of about 10 nM, or more or less), and 
the signal can be detected. In another example, binding assays can be performed. For 
example, SEE domains such as GRB2 SH2 or ZAP70 SH2 can be assayed on probe 
arrays of s^ropriate phosphorylated pqitid^; or blood sera can be screened on probe 

1 5 arrays of particular rec^tois for the presence of immune deficiencies. Also, enzyme- 

linked assays can be performed in such an array format. Combinations of the invention 
can also be used to d^ect mutant aizymes, ^^ch are either more or less active than their 
wild type counterparts, or to screen for a variety of agents including herbicides or 
pesticides. 

20 Of course; MAPS assays canbe used to quantttate (measure, quantify) the amount 
of active target in a sample, provided that probe is not folly occupied, that is, not more 
than about 90% of available probe ates are bound (or reacted or hybridized) with target. 
Under these conditions, target can be quantitated because having more target will result 
in having more probe bound. On die other hand, und^ conditions where more than about 

25 90% of available probe sites are bound, having more target present would not 
substantiaUy^increase the amount of target bound to probe. Any of the heretofore- 
""^mentioned ^cs of targets can be quantitated in ttiis manner. For example, Example 6 
describes the quantitati n of oligonucleotide targets. Furthermore, it demonstrates that 
even if a tar;^ is present in large excess (eg,, if it is present m such large amounts that 

30 , it saturates Ihe amount of available probe in a MAPS probe array), by adding known , 



wo 00/37684 



PCT/US99/305I5 



25 ^ 

amounts of unlabeled target to the bindiig mixture, one can "shift the sensitivity" of the 
reaction in order to allow even such latje amounts of target to be quantitated. 

In another embodiment, combintions of the invention can be used to screen for 
agents which modulate the interactionof a target and a given probe. An agent can 
modulate the target/probe interaction byinteracting directly or indirectly with either the 
probe, the target, or a complex formed by the target plus the probe. The modulation can 
take a variety of forms, including, butnot limited to, an increase or decrease in the 
binding affinity of tiie target for the pr<be, an increase or decrease in the rate at which ^ 
the target and tiie probe bind, a competiive or non-conqietitive mhibition of the binding . 
of the probe to the tai^et, or an increas or decrease in the activity of the probe or the 
target which can, in some cases, leadto an increase or decrease in the probe/target 
interaction. Such agents can be man-male or naturally-occurring substances. Also, such 
agents can be employed in their unalterd state or as aggregates with other species; and 
they can be attached, covalently or noncovalently, to a binding member, either directly 
or via a specific binding substance. Forexample, to identify potential "blood thiraiers," 
or agents which interact with one of the cascade of proteases which cause blood clotting, 
cocktails of the proteases of interest can le tested with a plurahty of candidate agents and 
then tested for activity as described abve. Other exanq)les of agents which cm be 
employed by this invention are very Averse, and include pesticides and herbicides. 
Examples 16 and 17 describe high throL{hput assays for agents which selectively inhibit 
specific kinases, or for selective inhibitas of the interaction between SH2 domains and 
phosphoiylated pq>tides. 

In another embodiment, the coniinations of the invention can be used to screen 
for agents which modulate a pattern of gne e>q)ressioiL Arrays of oUgonucleotid^ can 
be used, for example, to identify mRNAspecies whose pattern of expression fiiom a set 
of genes is correlated with a particularphysiological state or developmental stage, or 
'with a disease condition ("correlative"genes, RNAs, or expression patterns). By the_ 
terms "correlate" or "correlative," it i meant that the synthesis pattern of RNA is 
associated with the physiological coidition of a cell, but not necessarily th^ the 
expression of a given RNA is responsibl for or is causative of a particular physiotogical ' 
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state. For example, a small subset of mKNAs can be identified which are expressed, up- 
regulated and/or down-regulated in cells which serve as a model for a particular disease 
state; this alt^ied pattern of expression as compared to that in a normal cell, which does 
not exhibit a pathological phenotype, can serve as a indicator of the disease state 
("indicatoi?' genes, RNAs, or expression patterns). The terms "correlative" and 
"indicatofVcan be used interchangeably. For example, cells treated with a tumor 
promote such as phorbol myristatp ra^t exhibit a pattern of gene expression which 
mimics that seen in the early stages of tumor growth. Li another model for cancer^ : 
mouse insuUnoma cells (ag., cell line TGP61), when infected with adenovirus, exhibit 
an increase in the expression of, e.g., c-Jun and MIP-2, while the expression of , 
housdceeping genes such as GAPDH and L32 remains substantially unaffected. 

Agents which, after contacting a cell from a disease model, either directly or 
indirecfly, and either in vivo or in vitro (eg., in tissue culture), modulate the indicator 
expresaon pattern, might act as therapeutic agents or drugs for organisms (e.g^, human 
or otho- animal patients, or plants) suffering firom the disease. Agents can also modulate 
expresson patterns by contacting the nucleic acid directly, e.g., in an in vitro (test tube) 
expression system. As used herein, "modulate" means to cause to increase or decrease 
the amount and/or activity of a molecule or the like which is involved in a measurable 
reaction. The combinations of the invention can be used to screen for such agents. For 
example, a series of cells (eg., fi*om a disease model) can be contacted with a series of 
agents (eg., for a period of time ranging from about 10 minutes to about 48 hours or 
more) and, using routine, art-recognized methods (eg., commercially available kits), 
total RNA or mRNA extracts can be made. If it is desired to amplify the amount of 
RNA, standard procedures such as RT-PCR amplification can be used (see, eg., Iimis 
et al eds^ (1996) PCR Protocols: A Guide to Methods in Amplification^ Acadaiiic Press, 
New York). The extracts (or amplified products from them) can be allowed to contact 
(eg., incubate with) a plwality of substantially identical arrays which comprise pirb^es^ 
for qiprqyriate indicator RNAs, and those agents which are associated with a change in: 
the indicator expression pattern can be identified. Example IS describes a high. 
througfa|mt assay to screen for compounds which may alter the expression of genes that 
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are correlative vith a disease state. 

Similarly agents can be identified which modulate expression patterns associated 
with particular jhysiological states or developmental stages. Such agents can be man- 
made or naturdly-occurring substances, including environmental factors such as 
substances involred in embryonic development or in regulating physiological reactions, 
or substances inportant in agribusiness such as pesticides or herbicides. Also, such 
agents can be enployed in their xmaltered state or as aggregates with other species; and 
they can be attaded, covalently ornoncovalently, to a binding member, either dirtetly 
or via a spedfic binding substance. 

Anolbar mbodim^t of the invention is a kit usefiil for the detection of at ie;ast' 
one target in a smple^ which comprises: 

a) asur&ce, comprising multiple spatially discrete regions, at least two of 
which are substntially idmtical, each region comprising at least eight different anchors 
(oligonucleotidq or one of the other types described herein), and 

b) acontainer comprising at least one bifunctional linker molecule, which 
has a first portioi specific for at least one of said anchor(s) and a second portion that 
comprises a prole which is specific for at least one of said target(s). 

In one oibodimwt, there is provided a surface as in a) above and a set of 
instructions for ^King to at least one of said anchors a bifunctional linker molecule, 
whidi has afirstpoitioti specific for at least one of said anchor(s) and a second portion 
that comprises apiobe which is specific for at least one target. The instructions can 
include, for exanple (but are not limited to), a description of each of the anchors on the 
surfiice, an indiation of how many anchors there are and where on the surface they are 
located, and a pDtocol for specifically attaching (associating, binding, etc.) the hnkers 
to the anchors. For example, if ttie anchors are oligonucleotides, the instructions can 
include the squmce of each i anchor, firom which a practitioner can design 
complem^itary tndior-specific nioieties of linkers to interact specifically with (e.^., 
hybridize to) tb anchors; if the anchors are peptides, the instructions can convey 
information abot e^., antibodies vMch will interact specifically with the peptides. The 
instructions canalso include a protocol for associating the anchors;, and linkers, e,g,/ 
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conditions and reagents for hybridization (or other type of association) such as 
temperature and time of incubation, conditions and reagents for imioving una^ociated 
molecules (e.g., washes), and the like. Furthermore, the instructions can include 
information on the constmction and use of any of the types of control liokeis discussed 
5 herein, and of methods, e.g,, to quantitate, normalize, "fine-tune** or calibrate assays to 

be performed with the combinations. The instructions can €aconq)ass any of the 
parameters, conditions or mibodiments disclosed in this qjplication, all of iR^idi can be 
performed routinely, with conventional procedures, by one of skill in the art. 

As discussed else\^ere in this appUcation, a practitioner can attadi to a surface 

10 of the invention comprising a givm array (or arrays) of anchors, a wide variety of types 

of linkers, thereby programming any of a wide variety of probe arrays. Moreover, a 
practitiono* can remove a given set of linkers fiom a surface of the invention and add to 
it another set of linkers (eittter the same or different fiom the first set), allowing a given . 
sur&ce to be reused many times. This flexibiUty and reusability coi^tute fiirther 

15 advantages of the invention. 

Jn another embodiment, combinations of (he invention can be used to mqi ESTs 
(Expressed Sequence Tags). That is, MAPS assays can be used to d^emnne \irfuch, if 
any, of a group of ESTs were generated fi-om different (or partially ovexk^ping) portions 
of the same gene(s), and \diich, if any, are unique. Figures 18, 19, 20 and 21 illustrate 

20 such an assay, in this exan^le an assay to determine A^ch, if any, of 16 ESTs are 

"linked" to a common gene. A first step of tbe assay (sefe Figure 18) is to assemble 
arrays in whidi each of the ESTs to be m^ped is represmted by at least one 
oligonucleotide probe that corresponds to it. A number of arn^ equal to (or i^ater 
than) the numb^ of ESTs to be mapped are distributed in separate regions {e.g., wells) 

25 of a surface; in the illustrated example, the surface of the combination conqirises 16 

wells, each of which contains an array of 16 different EST-spedfic oligonucleotides, 
numb^ied 1-16. An oligonucleotide which "corresponds to" an EST Os "EST^specific**) 
is one that is sufficiently oomplemratary to an EST such that, under selected stringent 
hybridization conditions, flie oligqimcleotide will hybridize spedfically to that EST, but 

30 not to other, unrelated ESTs. An EST-corresponding olig nucleotide of fliis troe can 
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bind specifically (under optimal conditions) to the coding or non-coding strand of a 
cDNA synthesized &om the gene from which the EST was originally generated or to an 
mRNA synthesized from the gene fix)m which the EST was originally generated. Factors 
to be considered in designing oligonucleotides, and hybridization parameters to be 
5 optimized in order to achieve specific hybridization, are discussed elsewhere in this 
application. In order to assemble the arrays, linker molecules are prepared, each of 
which comprises a moiety specific for one of the anchors of a generic array plus a moiety 
comprising an oligonucleotide probe that corresponds to one of the ESTs to be^mapped; , ; . ; : 
and the linkers are attached to anchors as described elsewhere in this application. Ixi a 

10 subsequent st^, an aliquot of a sample comprising a mixture of nucleic acids ie,g,y . 

mRNA or single stranded or denatured cDNA), which may contain sequeiices that are 
complementary to one or more of the oligonucleotide probes, is added to each of the 
regions (wells) which comprises a probe array; the mixture is then incubated under 
routinely determined optimal conditions, thereby peimittinig nucleic acid to bind to 

15 complementary probes. If several of the EST-specific probes are complementary to 
different portions of a single nucleic acid, that nucleic acid wiU bind to each of the loci 
in the array at which one of those probes is located. 

In a subsequent step, a different detector oligonucleotide (in the illustrated ^ 
example, detectors #1 to 16) is added to each region (well) (see Fig, 19). A detector 

20 oligonucleotide is designed for each of the ESTs to be mapped. Each EST-specific 
detector corresponds to a different (at least partially non-overl^)ping) portion of the EST 
than does the probe oligonucleotide, so that the probe and the detector oligonucleotides 
do not interfere with one another. Consider, for example, the ESTs depicted in Figure 
21, which con-^ond to ESTs 1, 2 and 6 of Figures 18-20. Figure21 indicates that E^ 

25 #1 and #2 were both obtained fiom gene X (tiiey are "linked"), whereas EST #6 was 

obtained from a different, unrelated gene. If aliquots of a sample containing a mixturei 

of mRNAs, inciuding^ne generated from gaie X, are incubated with tiie probe arrays 

' . * . . .*■'»• 
! shown in Figure 1 8-20, the gene X mRNA will, under optimal conditions, h>4?ridize at , 

the loci with prcabes 1 and 2, but not at those wife probe 6. (Of course, each niRNA n^ust 

30 be added in nuolar excess, over the sum of the probes to which it can hybridize.) If / 
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d^ector oligonucleotide 1 is added to region (well) 1, it will hybridize to the gene X 
mRNA vMch is bound at lod 1 and 2 of the probe array, but not at locus 6. Similarly, 
if detector oligonucleotide 2 is added to another well — say, well #2 — it will also bind 
at lod 1 and 2, but not 6. In dns fashion, one can determine in a high throughput manner 
5 which of the ESTs are linked, i.e. code for portions of the same gene, and which ESTs 
are unique. For the hyp(rifa^cal example shown in Fig. 20, the first 3 ESTs encode 
portions of the same gene, the last 5 ESTs encode portions of another gene, and the 
ranaining ESTs £^eaf not to be linked. Conditions of hybridization, optional . Ay^^ 
steps, mefiiods of detecticm, and the like are discussed elsewhere in this application 

10 r^^ to other MAPS ^says. In order to confirm the linkage data obtained by the- 
MAPS assay, one could perform PGR reactions using pairs of EST-specific 
oligoniK:leotide probes as sense and anti-sense primers. Every pair of linked ESTs 
should yield a PGR product Note that this pairwise PGR test could be performed to 
d^ennine linkage directly without using the Linkage MAPS assay; however, many 

15 reactioiis would be required, and each EST primer would have to be synthesized as both 

ssise and anti-sense strands. For the illustrated example, 180 such reactions would be 
required 

fa one aspect, the invention relates to a method of determining which of a 
plurality of ESTs are conq>lementary to a given nucleic acid, comprising, 
20 a) incubatirig an immobilized array of oligonucleotide probes, at least one 

of ^9M(Ai corresponds to each of said ESTs, with a test sample which may contain said 
given nucleic acid, to obtedn ahybridization product between said oligonucleotide probes 
and said nucleic add, 

b) incubating said hybridization product with a detector oligonucleotide, 
25 x^ducfa com^ponds to an EST to which one of said oUgonncleotide probes corresponds, 

but is specific for adifibrent portion of the EST than is said oligonucleotide probe, 
..and ■^•^--n...,./ 

c) detecting which oUgonucleotide probes ofsaid array are labeled by said 
detector oligonucleotide, 

30 wherem said arr^ of oligonucleotide probes is immobilized on a region of a 
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combination, wherein said combination comprises 

1) a surface comprising a number of spatially discrtte, substantially identical, 
regions equal to the number of ESTs to be studied, each reg^ comprising 

2) a number of different anchors equal to the number «f ESTs to be studied, each 
5 anchor in association with 

3) a bifimctional linker which has a first portion thalis specific for tiie anchor, 
. and a second portion that comprises an oligonucleotide prole which corresponds to at 

least CMie of said ESTs. - ■ - :..>^:f^: 

Li another aspect, the invention relates to a methbdas above, wh^ein one or 
10 more of said ESTs may be complementary to said nucleic acil, and wher^ each of said 
ESTs comprises two different oligonucleotide sequences, tbfirst of which defines an 
oligonucleotide probe corresponding to said EST, and flie econd of \^ch defines a 
detector oligonucleotide corresponding to said EST, comprimg, 

a) contacting a sample which comprises molecules of said nucleic acid with 
15 at least one region of a combination, wherein said regim conqmses an array of 

oligonucleotide probes, at least one of which corresponds toeach of said ESTs, 

b) incubating said sample witti said region, thereby penmtting molecules of 
said nucleic acid to bind to said EST-corresponding oligonicleotide probes which are 
complementary to portions of said nucleic acid, 

20 c) incubating said region comprising molecules of said nucleic acid bound 

to one or more of said EST-corresponding oligonucleotide prob^ with a detector 
oligonucleotide which corresponds to an EST to which a givenone of the oligonucleotide 
probes of said array corresponds, thereby binding detector digonucleotides to nucleic 
acid molecules which have bovmd to said given oligonudeotide probe or to other 

25 oligonucleotide probes which are complemmtary .to said nudeic acid, 

d) detecting the presence of said detector ifi^nucleottdes, thereby 
identifying which EST-corresponding ohgonucleotide pobes of said array are 
complementary to portions of a nucleic acid which binds to md given oligonucleotide 
EST-corresponding probe, thereby identifying which ESTs ce complemsiteiy to said 

30 g^ven nucleic acid wherein said array of oligonucleotide pobes is immobilized on a 
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region of a combination, wherein said combination comprises 

1 ) a surface comprising a nmnb^ of spatially discrete, substantially 
identical regions equal to the number of ESTs to be studied, each reg^m 
comprising 

2) a number of different anchors equal to the niunber of ESTs to be 
studied, each anchor in association with 

3) a bifunctiqnal linker which has a first portion that is specific for 
the anchor, and a second portion that comprises an bfigomicleotide^^^ 
corresponds to at least one of said ESTs. ■ 

The components of an EST mapping assay can be assembled in any oid^. For : 
example, the anchors, Unkers and ESTs can be assembled sequentially; or linkeis aid 
ESTs, in the presence or absence of reporters, can be assembled in solution and tfiep 
added to the anchors. 

hi another aspect, the invention relates to a method of determining which of a 
plurality of ESTs are complementary to a givoi nucleic acid, comprising, 

a) incubating a collection of bifimctional oligonucleotide linker molecules^ 
each of which comprises a first portion which is a probe that corresponds to at least one 
of said ESTs, and a second portion which is specific for an anchor oligonucleotide, wifli 
a test sample which may contain said given nucleic acid, to obtaiii a first hybridizaticki 
product between said oligonucleotide probes and said nucleic acid, 

b) incubating said first hybridization product with an inunobiGzed array of 
anchor oligonucleotides, wherein each anchor oligonucleotide corresponds to the anchor- 
specific portion of at least one of said linker molecules, to form a second hybridizatiiHi 
product comprising said anchors, said oligonucleotide probes and said nucldc add, and 

c) incubating either said first or said second hybridization product with a 
detector oligonucleotide, which corresponds to an EST to which one of sa^ 
oligonucleotide probes corresponds, but whicji is specific for a different portion of flie' 
EST than is said oligonucleotide probe, and 

d) detecting which oligonucleotide probes of said array ate labeled by ^id' 
detector oligonucleotide. 
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wherein said array of anchor oligonucleotides is immobiUzed on a region of a 
combination, wherein said combination comprises 

1) a surface comprising a number of spatially discrete, substantially identical, 
regions equal to the number of ESTs to be studied, each region comprising 

2) a number of diflferent anchors equal to the mmiber of ESTs to be studied. 
Of course, the above methods for mapping ESTs can be used to map test 

sequences (e.g., pplyhucleotides) onto any nucleic acid of interest. For example, one can 
determine if two or ihdre cloned DNA fragments or cDNAs.map' to the same genbmiicr 
DNA. Such a procedure could aid, for example, in the structural elucidation of long,: 
complex genes. In a similar manner, one can determine if one or more spliced out 
sequences or coding sequences map to the same genomic DNA, Such a determination 
could be used, for exanq)le, in a diagnostic test to distinguish between a normal and a 
disease condition which are characterized by diJBferential splicing patterns. Many otiier 
applications of the mapping method will be evident to one of skill in the art. . ^ -J^ 

In another aspect, the invention relates to a method of determining which of .a 
plurality of polynucleotides are complementary to a given nucleic acid, 

wherein one or more of said polynucleotides may be compleinentary to said 
nucleic acid, and wherein each of said polynucleotides comprises two different . 
oligonucleotide sequences, the first of which defines, ah oUgonucleotide. probe 
corresponding to said polynucleotide, and the second of which defines a detector 
oligonudeotide corresponding to said polynucleotide, comprising, 

a) contacting a sample which comprises molecules of said nucleic acid with ; 
at least one region of a combination, wherein said region comprises an array of 
oUgonudeotide probes, at least one of which corresponds to each of said pplynucleotides, 

b) incubating said sample with said region, thereby permitting molecules of 
said nucldc acid to bind to said polynucleotide-corresponding oligonucleotide probes 
which are complementary to portions of said nucleic acid, : 7* 

c) incubating said region comprising rnolecules of said nucleic acid bound 
to one or more of said polynucleotide-corresponding oligonucleotide probes with -a , 
detector hgonucleotide which corresponds to a polynucleotide to which a given one of : 
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the oligonucleotide probes of said array corresponds, thereby binding detector 
oligonucleotides to nucleic acid molecules which have bound to said given 
oli^nucleotide probe or to other oligonucleotide probes which are complementary to 
saidnucleic acid, 

5 d) detecting the presence of said detector oligonucleotides, thereby 

identifying \^ch polynucleotide-corresponding oligonucleotide probes of said array are 
coqplementaiy to portions of a nucleic acid whicht binds to said given oligonucleotide 
polynucleotide-corresponding probe, thereby identifying which polyiiuci^fdes^^^^^ 
ccnqdementary to said given nucleic acid, ^ ^t ' : :^ :^ 

10 wherein said array of oligonucleotide probes is immobilized on a regipn of a ,^ 

combination, wherein said combination comprises 

1) a surfEice comprising a number of spatially discrete, substantially identical, 
regons equal to the number of polynucleotides to be studied, each region comprising ' 

2) a number of different anchors equal to the number of polynucleotides to be 
15 studied, each anchor in association with 

3) a bifimctional linker which has a first portion that is specific for the anchor, 
and a second portiori that comprises an oUgonucleotide probe which corresponds to at 
least one of said polynucleotides. 

In another aspect of the invention, the above methods to map ESTs or other ^ ' 
20 polynucleotides further comprise removing unboimd portions of the sample between one ■ ; 
or more of ttie steps. 

In another embodiment of the invention, one or more RNA targets of interest 
(e.g^ mRNA, or other types of RNA) are converted into cDNAs by reverse transcriptase, 
andthese cDNAs are then hybridized to a probe array. This type of assay is illustrated 

25 sdimaficalfy in Figure 8. RNA extracts (or purified inRNA) are prepared fi-om cells or 
tissues as described herein. Reverse transcriptase and oligonucleotide primers which are 
specific for flie RNAs of interest are then added to the RNA sample, and, using art- 
recognized conditions and procedures, which can be routinely determined and optimized, 
thcfiist strands of cDNAs are generated. The term "specific" prirner refers to one that 

30 is sufficiently conq)lementaiy to an mRNA of interest to bind to it mider selected 
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stringmt hybridization conditions and be recognized by reverse transcriptase, but which 
does not bind to imdesired nucleic acid (see above for a discu^on of ^propriate 
reaction conditions to achieve specific hybridization). Residual RNA - naRNAs which 
were not recognized by tiie specific primexs, and/or other types of ccmtaminating RNAs 
in an RNA extract, such as tRNA or rRNA — can be ronoved by any of a variety of 
ribonucleases or by diemical procedures, such as treatment widi alkali, leaving behind 
the single stinmd cDNA, wWch is s^^ contact with a MAPS probe 

army. The use of reverse transoiptase in ttus methodminimizes/^^^^ for extensive 
handling of RNA, M/bioh can be sensitive to degradation by nudeases and tfius difGcult v 
to work with. Frntiimnore, the additional ^edfidfy engCTdaod by the specific reverse 
transcriptase primos imparts an added layer of specificity to die assay. 

Optionally, the cDNAs described above can be amplified before hybridization to 
the probe arr£^ to incrcase the signal strength. The ohgonucleotide reverse transcriptase 
primers described above can comprise, at Ifaeir S' ends, sequences (which can be about 
22-27 nudeotides long) that specify initiation sites for an RNA polymerase (eg;, T7, T3 
or SP2 polymerase, or the like). In the exanq)le shown in Figure 8, a T7 promoter 
sequence has been added to flieieveisetraiKcriptase primer. Ihepolymerase recognition 
site becomes inborporated into the cDNA and can then serve as a leoognition site for 
multiple rpunds of transcription by^%ie ^ropriate RNA polymerase (in vitro 
transcription, or IVT). Optionally, the mRNAs so generated can be anqilified further^, 
using PGR and qypropriate primors, or the cDNA, itself can be so aooplified. Procedures 
for trariscription and PGR are routine and well-known in the art. 

The abovo-described method, in which mRNA targets are oonvoted to cDNA 
with reverse transoiptase before a^aying on MAPS plates, can be used instead of the 
standard MAPS assay procedure for any of the RNA-based assays described abo ve. 

In another embodiment of the invention, one or more nucldc add targets oL 
interest are hybridized to ^ecific polynudeotide (sotection fiaginents and subjected to 
a nuclease protection procediure, and those protection firagm^its i»iuch have hybridized 
to the target(s) f interest are assayed on MAPS plates. If fite target of in^rest is an 
RNA and ttie jmyloction fi:agment is DNA, a Nucl^e Protection/ MAPS Assay (NPA- 
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MAPS) can reduce the need for extensive handling of RNA, which can be sensitive to 
degradation by contaminating nucleases and thus difficult to woric with. In such an 
NPA-MAPS assay, the probes in the probe array are oUgonucleotides of the same 
strandedness as the nucleic acid targets of interest, rather than being complementary to 
them, as in a standard MAPS assay. One example of an NPA-MAPS assay is 
schematically represented in Figure 9. 

In an NPA-MAPS assay, the target of interest can be any nucleic acid, e.g., 
genomic DNA, cDNA, viral DNA or RNA, rRNA, tRNA, mRNA, oligonuclebt^d?, ^ 
nucleic acid fragments; modified nucleic acids, synthetic nucleic acids, or the like. Ill a 
preferred embodiment of the invention, the procedure is used to assay for one or more 
mRNA targets which are present in a tissue or cellular RNA extract. A sample which : 
contains the target(s) of interest is first hybridized under selected stringent conditions 
(see above for a discussion of appropriate reaction conditions to achieve specific 
hybridization) to one or more specific protection fragment(s). A protection ffagment is 
a polynucleotide, which can be, eg., RNA, DNA (including a PGR product), PNA or 
modified or substituted nucleic acid, that is specific for a portion of a nucleic acid target 
of interest. By "specific" protection Segment, it is meant a polynucleotide which is 
sufficiently complementary to its intended binding partner to bind to it under selected 
stringent conditions, but which will not bind to other, unintended nucleic acids. A 
protection fi^agment can be at least 10 nucleotides in length, preferably 50 to about 100, 
or about as long as a fiill length cDNA. In a preferred ^bodiment, the protection 
firagments are single stranded DNA oligonucleotides. Protection fingments specific for 
as many as 1 00 targets or more can be included in a single hybridization reaction. After 
hybridization, the sample is treated with a cocktail of one or more nucleases so as to 
destroy substantially all nucleic acid except for the protection fi:agment(s) which have 
hybridized to the nucleic acid(s) of interest and (optionally) the portion(s) of nuc^ic acid 
target which have hybridized and been protected fiiom nuclease digestion during the 
nuclease protection procedure (are in a duplexed hybrid). For example, if the sample 
comprises a cellular extract, unwanted nucleic acids, such as genoniic DNA, tRNA, 
rRNA and mRNA's other than those of interest, can be substantially destroyed in ttiis 
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step. Any of a variety of nucleases can be used, including, e,g., panoeatic RNAse, mung 
bean nuclease, SI nuclease, KNAse A, Ribonucl^e Tl, Exonuciease HI, or the like, 
depending on the nature of the hybridized complexes and of the undesirable nucleic acids 
present in the sample. RNAse H can be particulariy useful for digesting residual RNA 
5 bound to a DNA protection fragment. Reaction conditions for these enzymes are well- 

known in the art and can be optimized empirically. Also, chemical procedxxres can be 
usei eg./alkali hydrolysis, of RNA. As required, the samples can te treated further by 
' - ' welK;kiw>whprocedure^^ -v^ ; A^^^ 

or remove residual enzymes (e.g,, phenol extraction, precipitation, c6hmm %ii^^ ^ 

10 etc.). The process of hybridization, followed by nuclease di^stion and (optionally) ^ 

* - ' .... / " ^ ' *, ^ • ' ^ ■ ■ . 
chemical degradation, is called a nuclease protection procedure a variety of nuclease 

protection procedures have been described (see, eg., Lee et al {l9S7). Afetk EnzymoL ' 

152, 633-648. Zinn et al (1983). Cell 34, 865-879.). Samples treated by nuclease 

protection, followed by an (optional) procedure to inactivate nucleases, are platted Jifi 

15 contact with a MAPS probe array and the usual stqisofa MAPS assay are carried out. 

Bound protection fragments can be detected by hybridization io labeled target-specific 
reporters, as described herein for standard MAPS assays, or the protection fragmeiits, 
themselves, can be labeled, covalratly or non-covsdently, with a ddectable molecitile. f 

hi a preferred embodiment, the protection fiagment is directty febei^^ ^ 

20 than being labeled by hybridization to a targ^-specific reporter. For example, the 
reporter is bound to the protection fragment tiirougji a lig^nd-antiUgand interaction, e,g, , 
a strqiiavidin enzyme complex is added to a biotmykted protection oligonucleotide. In 
anotho* example, the protection fragment is modified ch^nicalfy, (e.g., by direct 
coiq)ling of horseradish peroxidase (HRP) or of a fluorescmt dye) and this chemical 

25 modification is detected, either with (he nucleic add portion of flie protection firagment 
or without it, (e.^., after cleavage of the modification by, for exanqde, an enzymatic or 
chemical treatment). In any of the above methods, a protection fragment can be labeled 
before r after it has hybridized to a corresponding linker molecula 

In ord^ to control that the nuclease protection procedure has worked properly , 

30 I. e. tiiat non-hybridized nucleic acids have been digested as desned» one ca^ 
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or more protection firagments to contain overhanging (non-hybridizing) sqments that 
should be cleaved by the nucleases if the procedure works properly. Thefresence or 
absence of the overhanging fragments can be determined by hybridizdon with a 
complementary, labeled, detection probe, or the overhanging portion of tht protection 
fragment, itsplf, can be labeled, covalently or non-covalently, wifli a detectatA molecule. 
This control can be performed before the satf^le is placed in contact wit the probe 
array, or as a: part pf the MAPS assay, itself An example of such a contol assay is 
described in Example 15. Of course, because dif&imt labels (^bei^^ 
(e.g., fluors with different absorption spectra), several differenly labeled ; 
oligonucleotides can be included in a single assay. Further, the staadad nuclease 
protection assay as analyzed by gel electrophoresis can be used dting assay 
development to verify that the protection fragm^ils are processed as expedad. 

NPA-MAPS assays can be xised to quantitate the amoimt of a target ii a sample. 
If protection fragment is added at a large enough molar excess over the targetto drive the 
hybridization reaction to completion, the amount of protection fragment remining after 
the nuclease protection stq) will reflect how mudi target was preset in the anple. One 
example of such a quantitation reaction is described in Exan^les 12 cuid II 

NPA-MAPS assays can be used to inqilement any of the method described 
above that use standard MAPS assays. 

In a preferred embodiment, the polynucleotide protection fragments ae measured 
by the mass spectrometer rafho' man on MAPS plates. In a most preferred enbodiment, 
none of the polynucleotides are bound (attached) to a solid surface during the 
hybridization ornuclease digestion stq>s. After hybridization, die hybridizd target can 
be degraded, e.g., by nucleases or by chemical treatments, leaving the protection 
fragment in direct proportion to how much fragment had been hybridizd to target 
Alternatively, the sample can be treated so as to leave tibte (single strand)hybridized 
portion of the targetj^or the di9>lex fonned by the hj^mdized target and thi protection , 
fragment^ to be fitrther analyzed. The samples to be analyzed are separated fimi the rest 
of the hybridization and nuclease mixture (for exanq>le by dfaanol precipiktion or by 
sulsoiption or affi^ chrornalography, etc.), ehited or soliibili2;ed, and injeded into the 
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mass spectrometer by loop injection for high ttaougj^ut. In a prefen-ed embcrfiment, the 
samples to be analyzed (e.g., protection fragments) are adsorbed to a surfisce and 
analyzed by laser desorption, using well-known methods in the art. For highest 
sensitivity Fourier Transform Mass Spectrometry (FTMS) (or other similar advanced 
5 technique) may be used, so that femtomoles or less of each protection fragment can be 

detected. 

The protection fragm^ts that ar^ to^^^ detected witiiin one (or more) sanq^les can 
be designed to give a unique signal for tie m'asii spc^fcmetsr'used. In one embodiment, 
the protection fragments each have a unique molecular wdgjit after hybridizateoil and' 

10 nuclease treatment, and their molecular weights and characteristic ionizatioii and 

fragmentation pattern will be sufficient to measure tiidr ooncaitration. To gain more, 
sensitivity or to help in the analysis of complex mixtures, die protection fragments can 
be modified (e.g., derivatized) with chemical moieties d^gned to give clear unique 
signals. For example each protection fragment can be derivatized with a difB^rat natural 

15 or uimatural amino acid attached through an amide bond to flie ohgonucleotide strand at 

one or more positions along the hybridizing portion of the strand. With a mass 
spectrometer of appropriate energy, fragmentation occurs at the amide bonds, lelea^g 
a characteristic proportion of the ammo acids. This kind of £Q)proach in which diemical 
moieties of moderate size (roughly 80 to 200 molecular weight) are used as mass 

20 spectrometric tags is desirable, because molecules of this size are generalfy easi^ to 
detect. In another example, the chemical modification is an organic molecule with a 
defined mass spectrometric signal, such as a tetraallgrlammonium group which can, for 
example, derivatize another molecule such as, e.g.^ an amino acid. In another exanqile, 
positive or negative ion signals are enhanced by reaction wifti any of a niunbo: of agents. 

25 For example, to enhance positive ion detection, one can react a pyrylium salt (such ias, 

e.g. , 2^dithenyl, 6-ethyl pyrylium tetrafluoroborate, or many others) with an amine to 
* . other enhancmg agents can be used to form 

other positively charged functional groups (see, eg., Quiike et al (1994). Analytical 
CAc/w£s^ 66, 13024315). Smailariy, one canreact any of anumb^ofartH^ 

30 agents to form negative ion enhancing species. The chemical modification can be 
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detected, of course, eithenfter having been cleaved from the nucleic acid, or while in 
association with the nucleitacid. By aUowing each protection fragment to be identified 
in a distinguishable InaIme^it is possible to assay (e.g., to screen) for a large number of 
diflferent targets (eg., for % 10, 16 or more different targets) in a single assay. Many 
such assays can be p^onsd rapidly and easily. Such an assay or set of assays can be 
conducted, therefore, withB^ throughput as defined herein. 

Regardless of whelff oligonucleotides are detected directly by their mass or if 
unique molecular'tags are Bed, the signals for each molecule to be detected canibe fully- 
characterized in pure prepaations of known concentration. This will allow for the sigriall '' 
to be quantified (measure^quantitated) accurately. For any molecule to be detfected by, ' 
mass spectrometry, flie iifensity and profile cannot be predicted with accuracy, thp 
tendency of tiie molecule tibe ionized, the sensitivity of all chemical bonds within the / 
molecule to fixigmentatioiithe degree to which each fragment is multiply charged or : 
singly charged, are all too omplex to be predicted. However, for a given instrument with 
fixed energy and saxiq)le hndling characteristics the intensity and profile of the signal 
is very reproducible. Hene for each probe the signal can be characterized with pure 
standards, and the experiimtal signals inteipreted quantitatively with accuracy. 

In one aspect, thebvention relate to a method to detect one or more nucleic 
acids of interest, compriaig subjecting a sample cornprising the nucleic acid(s) of --^^ 
interest to nuclease piot6c6a with one or more protection firagments, and detecting the 
hybridized diq>lex molecub, or tiie protected nucleic acid, or the protection fragment, 
with mass spectrometiy. 

Methods of anaiya^g nuddc acids by mass spectrometry arc well-known in the 
art. See, e.g, Alperef ai(1998). Science 279, 2044-2045 and Koster, U.!S. Pat. No. 
5,605,798. 

In addition to flie viidy of hi^ (hrou^ut assays described above, many others 
willbeevidoad: tooneof ^linlheart = 

An advantage of ling multiprobe assays is the ability to include a number ot \ 
**contror' probes in each pobe array ^^ch are subject to the same reaction conditions 
as the actual experimentalpobes. For exanqile, each region in the artiay can comprise > ... 
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positive and/or negative controls. The tam, a **positive control probe/' is used herein to 
mean a control probe that is known, e.g., to interact substantially with the target, or to 
interact with it in a quantitatively or qualitatively known manner, thereby acting as a(n 
internal) standard for the probe/target interaction. Such a probe can control for 
5 hybridization eflGcieacy, for example. The Iran, a **negative control probe," is used 

herein to mean a control probe which is known not to interact substantially with the 
tai^get. Such a probe can control for hybridization specificity, for example. As examples 
of the types of controls which can be employed, consider aa a^y in which an array of ; 
oligonucleotide probes is used to screen for agents which modulate the eiqiressipn of a ' 

10 set ofcorrelativegmes for a disease. As an intanalnormaUzation control for varisfliles 

such as the number of cells lysed for each sample, the recovery of roRNA, or ttie 
hybridization efiGdCTcy, a probe array can comprise probes vduch are specific for one 
or more basal level or constitutive house-keeping gen^, such as stmctural genes (e.g., 
actin, tubulin, or otiiers) or DNA binding proteins (e.g., transcription regulation factors, 

15 or others), whose e>qiression is not expected to be modulated by the agents being tested. 

Finthermore, to detmnine whether the agents being tested result in undesired side 
effects, such as cell deaifa or toxicity, a probe array can comprise probes which are 
specific for genes that are known to be induced as part of the ^iqptosiis (prograrruned cell 
deaifa) process, or which are induced under conditions of cell trauma (e^./heat diode - 

20 proteins) or cell toxicity (e.g;,p450 genes). 

Other control probes can be included in an array to "^e tune'' the sensitivity of: r 
an assay. For exanqile, consido^ an assay for an agent whidi modulates the production 
of mKNAs associated with a particular disease state. If previous analyses have indicated 
that one of tiie correlative mRNAs (say, mRNA-A) in this set is produced in such high 

25 amounts conipared to the otheis that its sigrialswartips out the other ni^ 

can be adjusted to '^e tune" the ass^ so as to equahze the stroigths of the sigpals. 
"Blocked linkers," widch comprise tiie aridior-specific^ oligonucleotide seqoeiice 
designated fi)r tiie mRNA-A taig^ but which lack the probe-specific sequence, can be 
added to dilute the inx>1 of target-specific linkeis and thus to reduce the soisithaty of die 

30 assay to that mRNA. The qyprqmate rati s of blocked and uriblocked tinkers can be 
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determined with routine, conventional methods by one of skill in the art. 

The "fine tuning" of an assay for a particular target by diluting an active element 
with an inactive element can also be done at other steps in the assay. For exanqile, it can 
be done at the level of detection by diluting a labeled, target-specific reports with an 
"inactive" target-specific reporter, e.g., one with the same target-specific moiety (e.^., 
an oligonucleotide sequence) but without a signaling entity, or with an inactivated or 
inactive form of the signaling entity. The term "signaling entity," as used herein, refers 
td a label, fag, molecule, or any substance which emit^ardet^teble signal or is enable ; 
of generating such a signal, e.g., a fluorescent molecule, luminescence enzyme, oraiiy . 
of the variety of signaling entities which are disclosed herein), hi an especially ^nr^oied 
embodiment, the "fine tuning" can be done at the step of contacting a target-containing 
complex with a detection linker (detection hnkers are described below, e.g., in the 
section concerning complex sandwich-type detection methods. Example 21, and Figure 
23). A set of detection linkers can be designed, e.^., to fine tune the sensitivity for eadi 
individual target in an assay. For example, if a particular target is known to be preset 
in a sample at very high levels, die detection Unker for that target can be diluted with an 
empirically-detenninable amount of "blocked detection linker," comprising the target- 
specific moiety (e.g., oligonucleotide sequence) but no moiety specific for a reporter 
reagent, or comprising the target-specific moiety and a rqjorter reagent-specific inmety . 
which is pre-bound to an inactive reporter reagent. That is, instead of comprising a 
moiety specific for a reporter reagent, that moiety can be absent, or prevented (&g., 
blocked) fit)m interacting with (e.g., hybridizing to) the reporter reagent. Sudi fine 
tuning is sometimes referred to herein as signal '^attenuation." 

Samples to be tested in an assay of the invention can comprise any of tiie targets 
described above, or others. Liquid samples to be assayed can be of any volume 
appropriate to the size of the test region, rangiiig fixmi about 100 nanoliters to about 100 
microliters. In a preferred embodiment, liquid drops of about 1 microliter are applied to 
each well of a 1536 well microtiter dish. Samples can be placed in contact with the 
probe arrays by any of a variety of methods suitable for high throughput analysis eg., 
by pipetting, Inkjet based di^ensirig qr^y use o pin tool. Saiiq>les are 
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incubated under conditions {e.g,, salt concentration, pH, temperature, time of incubation, 
etc.- see above) effective for achieving binding or other stable interaction of the probe 
and the target. These conditions are routinely determinable. After incubation, the 
samples can optionally be treated (e.g., washed) to remove unbound target, using 
5 conditions which are determined empirically to leave specific interactions intact, but to 
remove non-specifically bound material. For example, samples can be washed between 
about one and ten times or more under; the same or sornewhat more stringent conditions 
than those used to achieve the probe/target binding; * ' - J . . , : • . 

Samples containing target RNA, e.g.^ mRNA, rRNA, tRNA, viral RNA or total- ^ 

10 RNA, can be prepared by any of a variety of procedures. For exanqjle, in vitro, ceil , 
cultures from which mRNA is to be extracted can be plated on the regions of a surfecie,: 
such as in individual wells of a microliter plate. Optionally, these cells, after attaining 
a desired cell density, can be treated with an agent of interest, such as a stimulating agent . 
or a potential therapeutic agent, which can be added to the cells by my of a variety of 

15 means, e.g., with a replicating pin tool (such as the 96 or 384 pin tools available fiom 
Beckman), by pipetting or by ink-jet dispensing, and incubated with the cells for any 
appropriate time period, e.g., between about 15 minutes and about 48 hours, depending 
upon the assay. Total RNA, mRNA, etc. extracts from tissues or cells from an in vitro^ 
or in vivo source can be prepared using routine, art-recognized methods (€^&>\ 

20 commercially available kits). 

Optionally, nucleic acid which might compete with an RNA of interest for 
hybridization to a specific probe (i.e. genomic DNA, rRNA, tRNA or mRNA which 
shares at least partial sequence homology with the RNA of interest) can be at least 
partially removed fix)m an RNA sample by pretreating the sample with a nuclease 

25 protection (NP) procedure before subjecting it to hybridization, A nucleic acid (a 
'"protection fragment," which can be, e.g., RNA, DNA or PNA), which is complementary 
to at least a portion of the RNA of interest and whose sequence partially or completely 
overlaps that of the probe which is specific for the RNA of interest, is introduced in 
excess into the sample and incubated with it under selected string^t h3^ridization 

30 conditions in which the protection, fi:agment hybridizes specifically to the RNA of 
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interest (see above for a discussion of appropriate reaction ccoditions). At this step, 
protection fragments specific for any or all of the RNAs of interest in the sample can be 
added (e,g,, as many as 100, or more). After hybridization, the maple is treated with a 
cocktail of one or more nucleases so as to destroy substantialljall nucleic acid except 
5 for the portions of each RNA of interest which are complemoitaiy to the protection 
fragments(s), or except for the duplexes formed betwe^ the protection fiagment(s) and 
the protected RNA. In a subsequent st^p, the protection fiagmait(s) can be eliminated 
from such duplexes by denaturing the duplexes and dig^ting witiaii Bmropnate enzynie .1 ■ v ;v 

which will degrade protection fragment(s), leaving the protected RNA substantially ^^^^'^^^^^J^^^ 

10 intact. Any of a variety of nucleases can be used for the above-disaissGd digestion steps, ' * ; 
including e.g„ pancreatic RNAse, mimg bean nuclease, RNAse^ SI nuclease (xmder 
digestion conditions with either high or low salt), KNAseA, Ribonnclease Tl, 
Exonuclease HI, Exonuclease Vn , RNAse CL3, RNAse PhyM,Rnase U2, and the like, 
depending on the nature of the hybridized complexes and of the udesiiable nucleic acids 

15 present in the sample. Reaction conditions for these enzymes aie well-known in the art 
and can be optimized empirically. As required, the samples can be treated by well- 
known procedures in the art to remove unhybridized material and/or to inactivate or 
remove residual enzymes (e.g., phenol extraction, precipitatton,cohiinn filtration^ etc.) 
. The treated samples are then placed in contact with the probe amy. In order to conti"ol ; ^v'* - : 

20 that specific hybridization and subsequent nuclease protection hasoccuned properly, one 
can include labeled protection Augments in the rtaction nuxture. holder 
the nuclease protection procedure has worked properly, ue. thatoon-hyhridized nucleic 
acids has been digested as desired, one can design one or more protection fiag^ents to 
contain ovedianging (non-hybridizing) segments thai should be deaved fay tiie nuclear 

25 ifthe assay works properly. The presence or absence of the ovetoigingfiagnients can 
be determiried by hybridization with a complementary, labeled piAc, or the overhanging 
portion of the protection fiagment, itself, can be labeled with adetectable molecule. 
For any of tiie methods of this invention, targets can b bbeled (tagged) by any 

of a variety of procedures which are well-known in the art andhr indiich are described 

'.*''■''■', ." - ' '^^^ ' ' - . ■ 

30 elsewhere hisrem (eg, , for the detection of nuclease protection fi^gmoils). For example. 
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the target molecules can be coupled directly or indirectly with diemical groups that 
provide a signal for detection, such as chemiluminescent molecules, or enzymes which 
catalyze the production of chemiluminsecent molecule, or fluoiesceat molecules like 
fluorescein or cy5, or a time resolved fluorescent moleoile like one of the chelated 
lanthanide metals, or a radioactive compound. AltOTiativdy, the targets can be labeled 
after they have reacted with tiie probe by one or more target-specific reporters (e.g., 
antibodies, oligonucleotides as shown in Fig. 1, or any of the gaieral types of molecules 
discussed above in conjunction with probes and targets). * A-yOTiefy of morexOmplex: 
sandwich-type detection procedures can also be enqiloyed. For cxamplGi a target cah ^&e^ 
hybridized to a bifunctional molecule containing a first moiety which is specific for the 
target and a second moiety which can be recognized by a coimnon (Le., the same) 
reporter reagent, e.g., a labeled polynucleotide, antibody or flie like. The bifimctional 
molecules can be designed so that any desired number of common repprteis caii be used 
in each assay. . - 

A variety of more complex sandwich-type detection piocedures can also be 
employed. For example, a target can be hybridized to a bifunctional molecule containing 
a first moiety which is specific for the target and a second moiely which can be 
recognized by a common (i.e., the same) reporter reagent, eg:, a kbbledi pol]aiucleotide, 
antibody or the like. The bifunctional molecules can be designed :so^^^ 
number of conamon reporters can be used in each assay. 

For any of the methods of this invention, a variety of con^lex sandwich-type 
detection procedures can be employed to label (tag) targets. Forexain|>l^ a target can 
interact with, eg., hybridize to, abifimctional (or multifimcdonal) molecule (a "detection 
linked) containing a first moiety that is specific for the target and a second moiety that 
is specific for a '^reporter reagent." The term "specific for" has the meaning as used 
herein with respect to the interactions o^ eg., probes and targets. Hie term **repbrt€T 
reagent,'^ as used herein, refers to a labeled polynucleotide, antibo^ or any of the general 
types of molecules discussed herein in conjunction with probes and targets. These two 
moieties of a detection linka* can recognize (interact or associate with) their respective 
binding partners in any of the maim^ discussed above in oonjundipn, eg, with probes V 
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and targets. A detection linker can also comprise other sequences, e.g., sequences that 
are specific for a target but are different fi*om (non-overlapping with) the target-specific 
moiety of the corresponding anchor-bound linker. Any sequence present in a detection 
linker can serve as a recognition sequence for a detection probe or a reporter agent. In 
5 a prefenred embodiment, a detection linker is a polynucleotide. 

Detection linkers can be designed so that any desired mmtiber of common reporter 
reagents can be used in an assay. For example, a set of detection linkers can be designed 
such that each detection Unker is Specific for a diffeirent target, but corriprises a bin^&ig 
site for the same (conmton), or for one of a limited number of, rq>orter rea^gents/ TT[ie^ : 

1 0 ability to use a limited number of (eg., one) reporter reagents to label a variety of targets 
in a single assay provides the advantage of reduced cost and lower backgcxsunds. Of 
course, detection linker/reporter reagent combinations can be used to detect targets which 
are distributed in any fashion on a surface, e.g. , as described above for the types of target 
arrangements that can be detected by upconverting phosphores. 

15 In a most preferred embodiment, detection linkers can be designed to detect 

nuclease protection fi*agments in such a way that protection fi-agments which have been 
cleaved by a nuclease fi"om control "overhang" sequences during a nuclease protection 
procedure (as described, e.g., in Example 15) are preferentially labeled. This type of 
detection procedure is illustrated schematically in Figure 24. In this embodiment a 

20 detection linko' comprises a first moiety that is specific for a target and a second moiety, 
that is specific for the common control overhang sequence which, in a preferred 
embodiment, is present on substantially all of the nuclease protection fi:agmetits at the 
start of an assay. If, as desired, the control overhang sequence has been cleaved fix}m a 
nuclease protection fragment during a nuclease protection reaction, the target-specific 

25 moiety of the detection linker will hybridize to the cleaved protection firagment, but the 
control oveifaang-specific moiety of the detection linker will be imbound and will remain 
available for further hybridization. If, on the other hand, the control overhang-specific 
sequence is not cleaved fiiom a protection fi:agment, e.g., because of incomplete nuclease 
digestion duiirig a nuclease protection procedure, both the target-specifiC: and the control 

30 overhang -specific moieties of the detection linker will hybridize to the protecfiori ^ 
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fragment and will not be available for further hybridization. In a preferred embodiment, 
complexes comprising nuclease protection fragments and boimd detection linkers are 
then hybridized in a further step to a reporter reagent which comprises a signaling, entity 
{e,g,y a fluorochrome, hapten, enzyme, or any other molecule bearing a detectable signal 
5 or signal-generating entity, as described herein) and an moiety (e,g. , an oUgonucleotide) 
which is specific for the control overhang-specific moiety of a detection linker. The 
reporter reagent will preferentially bind to and label those complexes in which the 
control overhang sequence of the nuclease protection fragment has been cleaved ofi^ (Le. y 
a complex in which the control overhang-specific moiety of the detection linker . is 

10 available for further hybridization to the reporter reagent.) : 
Numerous other variations of sandwich detection procedures will be evident to 
one of skill in the art. ^ 

Methods by which targets can be incubated with a target-specific reporter(s) 
under conditions effective for achieving binding or other stable interaction are routinely 

15 determinable (see above). For example, fluorescent oligonucleotide reporters (at a 
concentration of about 1 0 nM to about 1 \sM or more, preferably about 30 nM, in a buffer 
such as 6X SSPE-T or others) can be incubated with the bound targets for between about 
15 minutes to 2 hours or more (preferably about 30 to 60 minutes), at a temperature 
between about liS^ C. and about 45** C. (preferably about room temperature). After 

20 incubation, the samples can optionally be treated (e.^,, washed) to remove unbound 
target-specific rq)orters, using conditions which are determined empirically to leave 
specific interactions intact, but to remove non-specifically bound material. For example, 
samples can be washed between about one and ten times or more under the same or 
somewhat more stringent conditions than those used to achieve the target/reporter 

25 binding. 

Tagging with a target-specific reporter(s) can provide an additional layer of 
specificity to the initial hybridization reaction, e.g„ in the case in which a target-specific 
oligonucleotide reporter is targeted to a different portion of the sequence of a taiget 
nucleic acid than is the probe oUgonucleotide, or in which probe and reporter antibodies 
30 recognize diflfwent epitopes of a target £^^^ Furthermore, tagging wifli target-specific 
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reporters can allow for "tuning" the sensitivity of the leaction. For example, if a target 
tnRNA which is part of a correlative expression patten is expressed at very low levels, 
the level of signal can be enhanced (signal aniplification) by hybridizing the bound target 
to several (eg., about two to about five or more) target-specific oUgonucleotide reporters, 
each of which hybridizes specifically to a different portion of Ihe target mRNA. 

The ability to detect two types of labels indepmdently allows for an additional 
type of control in MAPS assays. Some (a&. about 10 to about 100%) of the linkers 
designated for a particular anchor locus (Fig. 7 shiws 3 typical anchot^l05j^^cX , 
comprising a plurality of substantially identical anchis (A, B or Q) can Have a label 
(e.g.. a fluor) attached to one end. For example, arhodamine or Cy5 fluor can be 
attached at the 5' end of the linker. Such modified liiiers are termed "coritrol linkers." 
After a mixture of linkers and control linkras has bem assodated with anchors and a 
sample containing a target has been incubated with the resulting probe array, a target- 
specific reporter bearing a diflferent fluor (e.g., fluoresttinoranoflierdetection label such 
as a chemilummescent one) can be used (or the taigetean be directiy labeled with a fluor 
or other detection label); and the ratio of the two signals can be determined. The 
presence of control linkers pemiits caUbration of themimba- of functional {e.g., able to 
interact with linkers) anchors within and between testregions (i.e. tests the capacity of 
each locus of the array to bind target, for purposes of normalizing sigtials), serves: as ;a 
basis for quantitation of the amount of bound target,aids in localization of the anchor 
loci and/or provides a positive control, e.g., in cases in which fliere is no signal as a result 
of absence of target in a sample. In one anbodimmt of the invaition, two different 
labels (e.g., fluorophores) can also be used to detectlwo diflBerent populations of target 
molecules; however, the abitity to recognize the presoce of taiBets by spatial resolution 
of signals allows the use of a single type of label foidiflferait target molecules. 



^iTaiiother embodiment of the invention, ImchDrs" \»*ich are specific for a 
target(s) of interest are not associated with BnkeiB, bitralher are associated directly with 
the tMget(s); the target(s), in turn, can intmictoptionalfy with a target-specific 
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Targets, whether labeled or unlabeled, can be detected by any of a variet>' of 
procedures, which are routine and conventional in the art (see, e.g., Fodor etal (1 996). 
U.S. Pat. No. 5,510,270; Piming et al (1992). U.S. Pat. No. 5,143,854; Koster (1997). 
U.S.Pat. No. 5,605,798; HoUis et al (1997) U.S. Pat. No. 5,653,939; Heller (1996). 
U.S.Pat. No. 5,565,322; Eggers e/ a/ (1997). U.SJat. No, 5,670^22; Lipshutzera/ 
(1995), BioTechniques 19,442-447; Soufliem (1996). Tren^fe m Genetics 12, 110-115). 
Detection method^ include enzymcTliased colorimetric methods, SPA, 

autoradiography, mass specfrometry, electrical methods,* detection of absorbance. or, 
luminescence (including chcmiluminescrace or electroluminescence), and detection of 
light scatter from, e.g., microscopic paiticles used as tags. Also, fluorescent labels can 
be detected, e.g,, by imaging with a chaige-coiq)led device (CCD) or fluorescence 
microscopy (e.g., scanning or confocal fluorescence microscopyX or by coupling a 
scanning system with a CCD array or photomultiplier lube, or by using array-based 
technology for detection (e.g., sur&ce potential of each 10-micron part of a test region 
can be detected or surface plasmon resonance can be used if resolution can be made high 
enough.) Alternatively, an array can contain a label (eg., one of a pair of mergy transfer 
probes, such as fluorescein and rhodamine) whicdi can be detected by energy transfer io 
(or modulation by) the label on a linko; taig^ or reporter. Among the host of 
fluorescence-based detection systons are fluoiescmce intei^ty, fluoresceripe 
polarization (ET), time-resolved fluorescence, fluor^omce resonance taxeacgy transfer and 
homog^eous time-released fluorescence (HTRF). A]ial3^is of rq)eating bar-code-like 
patterns can be accomplished by pattern recognition (finding the £^)piDpriate spot or line 
for each specific labeled target by its position relative to the oQier spots or lines) 
followed by quantification of the intensity of the labels. Bar-code recognition devices 
and computer software for the analysis of one or two dimensional arrays are routinely 
generated and/or commercially available (eg^, see Rava et al (1996). U.S. Patent No. 
5,545,531). 

Methods of making and using the arrays of tins invention, including preparing 
surfaces or regions such as those described herein, syntfaesi^ng or purifying and 
^ attaching or assembUng substances such as those f the anchors, tinkers, probes and 
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detdor probes described herein, and detecting and analyzing labeled or tagged 
subtances as described herein, are well known and conventional technology. In addition 
to n^ods disclosed in the references cited above, see, e,g., patents assigned to 
Ai^nax, Aflfymetrix, Nanogen, Protogene, Spectragen, Millipore and Beckman (from 
whm products useful for the invention are available); standard textbooks of molecular 
biobgy and protein science, including those cited above; and Cozette et al (1991). U.S. 
Pat5,063,081; Southern (1996), Current Opinion in Biotechnology Z 85-88; Chee et al 
(19l6).:Sacnce 224, 610-614; and Fodor et al (1993). Nature 364, 555-556. ; \ ;V . - 

Brief Description of the Drawings 
Fig. 1 illustrates a design scheme for oligonucleotides, in which a linker ! 
coilains a portion that is specific for anchor 1 and another portion (a probe) that is 
speafic for target mRNA 1, and in which a labeled detection probe 1 is qjecific for a 
seqmceof target mRNA 1 which is different from the sequence pf the target-specific 
poiion of the linker. 

Fig, 2 illustrates a surface which comprises 15 test regions, each of which 
coqirisesanarray of six anchor oligonucleotides. ^ 

Fig. 3 illustrates the design of a hnker for ai receptor binding assay, in which the 
andor-spedfic portion of the linker is associated with the probe portion (the receptor 
prc^) via hiotin and streptavidin molecules, and in which a ligand specific for the 
recf tor is labeled with a fluorescent labeling molecule. B: Biotin. SA: Strq)tavidm. 
RecRecq)tor protein. Ligand: a natural or synthetic ligand for the necqitor. *: a 
fluoesc^ labeling molecule attached to the Ligand. 

Fig. 4 illustrates a surface which ccmiprises 21 test regions, each of which is 
fiirier subdivided into 16 subregions (indentations, dimples). 

Figs. Sa, 5b and 5c illustrate three jpieces fix»m which a sur&ce such as that 
shxm in Fig. 4 can be assembled. Fig. 5a n^resents a well separator; Fig. 5b rq>resents 
a sihdivida:; and Fig. 5c represents abase. 

Fig. 6 xqiresents two test regions, each of which comprises a linear array of 
prbbs (or andiors) \^ch are in a "bar-code' - like formatipn. 
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Fig. 7 schonatically rqnresents a test region comprising 3 anchors (A, B and C), 
each of \^ch is present in multiple copies (a "group'*). The location of each group of 
anchors is termed a "locus." 

Fig. 8 illustrates an assay in which cDNA(s) gena:aled by specific reverse 
5 transcriptase are assayed on MAPS plates. 

Fig. 9 illustrates an assay which uses a nuclease protec^on procedure (NPA- 
MAPS assay). Sample RNA is prepared fiom cells or froni tissue and is represented as 
thin wavy lines. To the KNA sahq)le is added a group of polynucleotide protection 
fi'agmoats, portrayed as thick, dark and light lines. The dark sections of the protection 
10 fi:*agm0ils rqiresent segments that are compl^entary to specific RNA targets aiy| 

hybridize to those targets. The Ug^t sections represent ovoiiangirig portions: sequences 
contiguous with the complementary sequence but not complraimtary to target. Ttic 
protection fiagm^ts are added in excess. Following hybridization of all available target 
to flie protection fi:agments, the samples are treated with an sqipropriate cocktail of 
15 nucleases and with ch^ical treatments that destroy unwanted nori-hybridized RNA and 

non-hybridized polynucleotide. For example, SI nuclease can destroy any single 
stranded DNA present. Hence, excess protection fi:agment is hydrolyzed as is the 
ovaiiangtng non-hybridized portion of bound protection fiagment. RNA^ can be 
hydrolyzed by addition of ribonucleases including ribonuclease H and or by heating 
20 sanq>les in base. Remaining is a collection of cleaved protection fiagments that reflect 

how mui^ of each target RNA had been present in flie san^yle. The r^aining protection 
firagmCTts are measured by a MAPS hybridization assay. 

Fig. 10 illustrates hybridization specificity in a MAPS ass^. 

Fig. 1 1 illustrates binding kinetics of an anchor to a linker. 
25 Fig. 12 illustrates a MAPS assay oftwboUgonucleotide targets. 

Fig. 13 illustrates the quantification of a sensitivity shift. 

Fig. 14 illustrate melting temperature detaminations for four oligonucleotide^ 
linker/artchor combinations. 

Fig. 15 illustrates an mRNA assay by NPA-MAPS. 
30 Fig. 16 illustrates a dilution curve with NPA-MAPS. 
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Fig. 17 illustrates an assay to detect peptides containing phosphotyrosine 
residues. 

Fig. 18 illustrates the first step in an assay to iiq>ESTs: assembling linkers 
corresponding to each of the ESTs to be mapped on arays of generic anchors on a 
5 MAPS plate. To the surface of each of 16 wells of a niooplate are attached linkers 
comprising 1 6 different oligonucleotide probes, arranged h a 4x4 matrix. The first locus 
has oligo 1 , which is con5)lementary to a.poitian of the fhtf EST sequence, and so on for 
the 16 ESTs to be tested ^ . > 

cDNAs or mRNAs generated ftom the gmes fiomvhich the ESTs were obtained 
10 are added to all 16 wells and allowed to hybridize under apopriate conditions. Hence, 

any cDNA or mRNA that contains one of flie 16 EST seqtraces will be assembled at the 
locus where its complemmtary probe was placed. 

Fig. 19 illustrates a subsequent stq) in an assay b map ESTs: adding detector 
oligonucleotides to the MAPS plate. Each well of he plate receives a detector 
15 oligonucleotide which corresponds to one of fte ESTs b be mapped. Each detector 

oligonucleotide is an oligonucleotide coupled to a molcule used for detection, e.g., 
fluorescein if fluorescence imaging is to be the m^hodof detection. Each detector 
oligonucleotide is complementary to one of flie ESTs,but diflra:^nt Ifrom the ESTt 
specific probe, so that a probe and a detector oligonucleofde which are complementary 
20 to a single EST can both bind at the same time. ^ 

After washing, a single detector oligo^ucleoti^ is addSd to each well, as 
numbered in the figure. That is, the detector olipnucieotide with sequences 
complementary to the first EST is added to the first weU^and so on. 

Fig. 20a and b illustrate the resuhs of the assay tomap ESTs shown in Figs. 1 8 



25 and 19. After hybridization of detector oli^nucleotidesind washing with appropriate 

conditions of stringency, the 1 6 wells of the microplate le imaged with a CCD-based 
fluorescence imager, for example. Fig. 20a shows stylied results. It is expected that 
each EST-specific detector oUgonucleotide should label tfe mRNA or cDNA held down 
by the corresponding EST-specific probe. For ocample^be 5 assenibles the cDNA 

;30 „^ or .mRNA containing the fifth KT sequence at thatlocus^ so the fifth detector 
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oligonucleotide should also hybridize to the cDNA or mRNA at tiie same locus. This is 
the case for these stylized data, wifli each detection oligonucleotide labeling the matching 
probe. In addition, the first three detector oligonucleotides each label cDNA or mRNA 
held down by the first three probes, showing that these sequraces lie along the same 
5 gene. Similarly, the last five ESTssppear to be linked. Hie linkage assigned from these 

data are presented graphically in Fig. 20b. 

Fig. 21 illustrates the relationships of the probes, detector oligonucleotides and 
ESTs #1, 2 and 6 shown in Figures 18-20. , , . 

Fig. 22 illustrates a higji flirouglq)ut assay. 
10 Fig. 23 illustrates a metlKid to prepare an amplified target 

Fig. 24 illustrates an ass^ with detection linkers and reporter agents. 

Fig. 25 illustrates a hig^tiuxmgtq>ut assay. 

Fig. 26 illustrates the spatial arrangement of gmes for flie THP-1 cells, along with 
two sample cells of data (selected fit>m Fig. 25). 

15 EXAMPLES 

Example 1 Wyfrrifijz^tillft Spccipf^ty (sec Figure 10) 

A generic MAPS plate was produced by using an inkjet dispensery the Pixns 
system (Cartesian Technologies;, Inc., Irvine, CA) to form an identical grid of DNA 
within each well of a microtiter plate. All oUgonuciootides were purchased fiom 

20 Biosouice International (Canmillo, CA). For this plate, seven different oligonucleotide 

anchors w^ dispensed within each well in the pattern shown as the Key (left side of 1i» 
figure). Each oUgonuclootide was dispensed as a 10 nanofiter droplet to two spots, fiom 
a 2 uM solution containing 500 mM sodium phosphate pH 8.5 and 1 mM EDTA to tiie 
wells of a DNA Bind plate (Coming Costar), and allowed to dry. After attachment^ Wells 

25 were blocked with 50 mM Tiis pH 8, and then oligonucleotide that had not covalently 

attached to die surface was washed aws^ witti 0. 1% SDS in 5x SSP buffer. ^ * ^ : ' ■ 

To die washed plate flttoiescmtly labeled link^ ofigpiiucleotides w 
allowed to hybridize in 6x SSPE with 0.1% Triton X-1 00 at room tCT^ 
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ol|onucleotides were cy5-derivatized during synthesis, and were complementary in 25 
base-pair segments to specific anchoring oligonucleotides. The sequences of the seven 
aiAors and linkCTS were as follows (all shown 5' to 3'): 



#lAnchor*: SEQIDrl 
TCCACGTGAGGACCGGACGGCGTCC 
Linker** SEQID:2 
GTCGTITCCATCrTTGCAGTCATAGGATACTGAGTGGACGCCGTCCGGTC^ 
TGGA 

RNAmimic(mouseC-jun): :SiEQlD:3 
CTATGACTGCAAAGATGGAAACGACGATACTGAGTTGGACCTAACATTCGATCTC 
ATTCA 

Detector Oligonucleotide*** SEQID:4 
TGAATGAGATCGAATGTTAGGTCCA ^ 



#2 Anchor*: SEQID:5 

CACTACGGCTOAGCACGTGCGCTGC 
Linker** SEQID:6 

CTAGGCTQAAGTGTGGCTGGAGTCTGCAGCGCACGTGCrCAGCCGTAGTG 
RNA mimic (mouse MIP-2): SEQH):? 

AGACTCCAGCCACACTTCAGCCTAGGATACTGAGTCTGAACAAAGGCAAGGCTAA^ 

CTGAC 

Detector Ohgonucloeotide*** SEQID:8 
gtx:agttagcxjitgcctttgttcag 



#3 Anchor: SEQID:? 
GTCAGTTAGCCTTGCCTtraTT^ 
Linker* SEQID: 10 

ACCATGTAGTTGAGGTCAATGAAGGGCGCTCCCACAACGCTCGACCGGC^ 

RNAmimic (mouse GAPDH): SEQID:11 

OCrrCATTGACGTCAACTACATGGTGATACTGAGTGGAGAAACCTGCCAAGTATC 
ATGAC 

Detector OU^ucloeotide*** SEQ ID:12 

GTCATCATACTrGGCAGGTTTCTCC 



#4 Anchor*: * . . . .SEQJD:13 

GAACCGCrCGCGTGlTCTACAGCCA 
Linker ^ ^ §E^ 

CTACCGAGCAAACTGGAAATGAAATTGGCTGTAGAACACGCGA 
RNAmimic (mouse L32 protein): SE(j lD:15 

ATTTCATITOCAGTTTGCrrCGGTAGGATACTGAGTGAGTCAC^ 

GGCT 

Detector Oliff)nucIoeotide*** SEQID:16 
AGCCTGGCGTITGGGATTGGTGACTC : / v V 
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#5 Anchor: SEQID:17 
CTCGTTCCGCGTCCGTGGCTGCCAG 

Linker" SEQID:18 
^ GTGGCAGCCACGGACGCGGAACGAG 

5 

#6 Anchor*: SEQID:19 
CGGTCGGCATGGTACCACAGTCCGC 

Linker" SEQID:20 
GCGGACTGTGGTACCATGCCGACCG 

10 #7 Anchor*: SEQID:21 

GOICGOCGCGTTATGCATCTCTTCX} 

Linker* SEQID:22 
CGAAGAGATGCATAACGCGGCGCCX5 

*Anchors were S3aithesized with CI 2 spacer with amide at flie S* aid 
1 5 **Linkers were S3mthesized with Cy5 attached at the 5 ' end 

***Detector Oligonucleotides were synthesized with biotin attached at the 
5' end 



To each well either one linker or a mixture of linkers (as indicated in the figure) was 

added in bulk. (To the well marked "all" was added a mixture of all seven linkesrsO 
20 Follo>ying incubation and washing in 5x SSP 3 times, the fluorescence picture shown on 

the right portion of the figure was taken with a Tundra imager (IRI, St Cathednes/ 

Ontario). As can be seen, the linkers self-assembled to the surface, by specifically 

associating with their coniplementary anchors. 

This process is repeated except that eight different anchors are disposed in each 
25 well and linkers subsequently preferentially associated therewith. The entire process is 

repeated with 36, 64 etc. different anchors in each well of a 24, 96, 384, 864 or 1536 well 

plate. 

Example 2 Binding Kinetics (see Figarell) " 

The rate of hybridization of Cy5-derivatized linker numbor 1 ta its 
30 con^lementaiy attached anchor is shown, for different concentrations of linker. The 
generic MAPS plate was prq)ared as for figured, except anchor 1 was attached at four 
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spots per well. Incubations were done at room temperature in 5x SSP with 0.1% tween- 
20, wells were washed 3 times with 5x SSP, and bound fluorescence was measiued. A 
fluorescence picture of the plate was taken with the Tundra, and background was 
subtracted and the integrated intensity of each spot within each well was calculated with 
5 Tundra software. Plotted is the average and standard deviation for the integrated intensity 
for the four spots within each of two duplicate wells. 

Examples Fluorescent Linker . v 

A generic MAPS plate is produced with one anchoring oligonucleotidie'spotted • 
to either 1 spot per well (top two rows), 4 spots per well (next four rows) or 16 spots per 

10 well (lower two rows), according to the methods discussed above. To each well' 
complementary, fluorescently labeled, linker is attached by the preferred protocol 
described in Example I. Following washing the fluorescence picture of the plate is taken 
witii the Tundra. The amount of fluorescence at each spot reports how much functional 
linker is available to hybridize to target. The amoimt of signal detected at repeated spots 

15 is highly reproducible. 

Exainple4 Binding Corves. 

To the plate prepared as described in Example 3, is added different concentrations 
of a target oligonucleotide. The linker that has been associated contains a 25-mer 
sequence complementary to a portion of the target. The target is added in 5x SSC with 

20 0.05% SDS in a total volume of either 30 or 1 00 microliters, and the plate is covered and 
mcubated at 50** C overnight. Followmg hybridi2ation of the target to the attached linker, 
the taiget is visualized by.a preferred protocol using chemiluminescence. A biotmylated 
detector oligonucleotide, containing a 25-me r sequence complementary to a separate 
portion of flie target (not to the same port iori complemgrtauga added at 30 nM, 

25 Biotinylated detector can be added for 30 minutes after washing away excess unattached^ 
target, or it can be added along with target for the length of the overnight hybridization. 
Following attachment of detector, the surface is washed twice with 5x SSC, once with 
Ix SSP containing 0.1% Tween-26 arid 1% PEG (SSPTP), and a 1 :50,000 dilution of 250 
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ug/ml Horse Radish Peroxidase conjugated to Strqjtavidin ^HRPiSA, from Pierce^ 
Rockford, III) is added for 5 hours in SSPTP at room tonperature. Wells are washed four 
times with SSPTP, and washed once and then incubated with Super Signal Ultia reagent : 
(Pierce). After a few minutes, pictures of luminescence are collected wifli the Tundra 
imager, e,g.y the picture can accumulate within the CCD anay for five minutes. Low 
levels of target can be visualized in some wells at a target concentration of as little as 
-5x10'*^ M; the amount of signal generally becomes saturated at a target concentration 
of '^10'**^ M. The amount of signal detected at repeated spots is higjily reproduciblb,,:* ; 

Examples Assay of Two Oligonucleotides (see Figure 12) ^ 

A binding curve demonstrating a MAPS hybridization assay using the preferred 
protocol discussed above for two different target oligonudeotides is shown. A generic 
MAPS plate was prepared with four different anchoring oligonucleotides each spotted 
four times within each well. For the second and fourth anchor, complementary littker 
oligonucleotides were self-assembled onto the surface as described. Two targets were 
added at the concentrations shown in 40 microliters to each well as described, and 
incubated at 50" C overnight. The amount of each target attached was visualized by 
attaching biotinylated detection oligonucleotide specific for each target foUowi^ by 
HRP:SA and chemiluminescence imaging as described. In fee lower panel the intensity- 
of the image is quantified. Software that is part of the Tuhdia hnager package was used 
to scan the intensity of the images along lines between the arrows shown in the upper 
panel. At the lowest concentration of target, 1,1 pM, the scanned images show well- 
defined gaussian peaks at each spot, while there are no discemable background peaks 
seen in the left-most sample, at 0 concentration of target. 

Example 6 Sensitivity Shifting f see Figure 13^ 

, A MAPS hybridization assay can be used for measuring flie concentration of a 
set of oligonucleotides, by binding them to a surface and labeling fliem. This works well 
for those oligonucleotides which are at modest or 1 w conooitratLan. Two samples can 
be d^stig^^^^ if one sample contains more oligonucleotide. 
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more will bind. On the other hand, if the concentration of targeted oligonucleotide is 
saturating for the surface (Le. if it is high enough to occupy all binding sites), then if the 
concentration goes up no more can bind, so the amount cannot be measured However, 
the binding curve of a target can be shifted by adding unlabeled competing ligand. 
^ ^ Binding data are obtained for four different oligonucleotide targets, all of which 

saturate the surface (/.^. reach maximal binding) at roughly 3 nM. By adding unlabeled 
competitive targets to ail wells, the binding of labeled oligonucleotide is shifted, so that 
less binds at the lower concentration, and the level at which saturation occiirs is moyi&4^^^:;^ 
up. One can add competitive oligonucleotides for, say, targets 1 and 3 but ncit 2 md-4;;^ 

10 This shifts the sensitivity of the assay only for targets 1 and 3. In this; way 
oligonucleotide targets of widely different concentrations can be measured wifliin one 
assay well, if the relative amount of oligonucleotide expected is known. 
: The data can be quantified as explained above for the binding of one of the 

- oligonucleotide targets. Figure 13 shows quantitatively that including conq)etitive 

15 oUgonucleotide in the assay shifts the binding cinve used to assay forthis targ^ to hig^o" 
concentrations. 

Example? Melting Temperature of Four Probes (seeF^urel4) V/ 

• The amoimt of foxu* different fluorescent labeled link^ oligonucleotides 
specifically hybridized to anchor oligonucleotides by the MAPS assay is plotted as thie 
20 temperature is raised. The four oligonucleotides were first allowed to hybridize at 50** C 
for 1 hour at 300 nM. Then the wells were washed with SSC without probes, and the 
amount bound was measured as above by fluorescence (50° C point). Then flie surfiice 
was incubated at 55° C for 30 minutes and the fluorescence boimd measured, and so on 
for all temperatures presented. 

25 "^ Example 8 Detection Methods 

Two detection methods can be compared directly. T a MAPS plate with four 
pligpnucleotide anchors attached, each at four spots per well, are added t(¥0 
oligQi^ucJeqtides each well, with both including a covalently attached cy5 moietjr.or . . 
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both containing a biotin group. The epi-fluorescence measuremmt is performed as 
described for viewing and measurement of the fluorescent linkra*. The 
chemiluminescence measurements are performed as described for the MAPS assay using 
subsequent addition of HRP:SA and a chemiluminescence substrate. The signals 
generated are roughly of the same magnitude. However, for the geometry of the 
microplates, which contain walls separating each well, and occasional bubbles of liquid 
of a rniniscus of fluid, reflections in the epi-fluorescence images can cause interference 
in data interpretation. . ' H; ; : ;A -k* 

Example 9 Chemilmirinescence Prodacts -^i^ i 

Two products available as chemiluminescence substrata for horse radish 
peroxidase can be conqiared as detection procedures for the MAPS assay. A MAPS plate 
is prepared as for Example 8, arid incubated with biotinylated linker oligonucleotides. 
Then either alkaline phosphatase coupled to streptavidin (AlkPhosrSA) or HRPrSA is 
added, followed by washing and addition of either CDF-Star (Tropix) to the wells with 
AlkPhosrSA or ECL-Plus to the wells with HRP:SA. Labelmg with SA derivatized 
enzymes and substrates is as suggested by the manufacturers for use in labeling of 
western blots. These two (as well as other available substrates) can both be used to assess: 
oligonucleotide hybridization to MAPS plates. 

Example 10 Resolntion at 0.6 mni. 

The resolution of the current system for MAPS assay is tested by preparing a 
MAPS plate with four difiterent oUgonucleotide anchors per well each spotted four times 
per well, with a pitch (cmter-to-center spacing) of 0,6 mm. Then dAer cy5-derivatized 
hnkers or biotinylated linkers are hybridized and detected and scanned as above. For the 
epi-fluorescence measurement the resolution is higher (and pitch could likely be 
reduced). For the chemiluminescence detection procedure neighboring spots are not 
completely separated, yet at this spacing individual peaks may be resolved 
unambiguously by computer deconvolution. 
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Eigample 11 Test Waclease Protection ProtocoL 

In an assay to test for the optimal cx)nditions for hybridization and nuclease 
treatment for the nuclease protection protocol, the Nuclease Protection Assay kit from 
Ambion (Austin, Texas) is used to provide conditions, buffers and enzymes. Eight 
5 samples are prepared in one of three buffers. Hyb Buff 1 is 100% Hybridization Buffer 

(AmWon); Hyb Buff 2 is 75% Hybridization Buffer and 25% Hybridization Dilution 
Buffer (Ambion); and Hyb Buff 3 is 50% of each. A 70-mer oligonucleotide that 
contains 60 residues complementary to a test mRNA is synthesized (Biospiux:e 
Intanoationaji, Camarillo, CA) and labeled with Psoralen-fluorescein (Schleicherrand 

10 Schuell, Keme, Wf) following the protocol as suggested for labeling of Psoralen-biotin 
by Ambion. Briefly, protection fragment is diluted to 50 ug/ml in 20 ^Is of TE buffer(10 
mM Tris, 1 mM EDTA, pH 8) boiled for 10 minutes^ and r£5)idly cooled in ice water. 
Four Ills of 130 ugAnl Psoralen-fluorescein in DMF is added, and the sample is 
illuminated for 45 minutes at 40° C with a hand-held long wavelength UV source. Free 

15 Psoralen-fluarescdn is removed by extraction with saturated butanol. The mRNA used 

is GAPDH anti-sense mRNA, prepared from antisense plasmid (pTRI-GAPDH-Mouse 
antisense Control Tanplate from Ambion) using T7 promoter and the MaxiScript kit 
(Ambion). Tlie short protection fragment is the 60-mer complementary portion 
synfliesized separatefy and similarly labeled The sequences of the protection fragments 

20 are as follows: 



Full length protectian fragment: SEQID:23 

CGAGAAATATCACAACTCACTCAAGATTOTCAGCAATGGATCCTGCAC^ 

GCITGTCrAA 

Short protection fragment: SEQID:24 
25 CXiAGAAATATGACAACrcACTCAAGATTGTCAGCAATC^ 

. Hyhndizations are done by mixing protection fragments at 20 nM and GAPDH mRNA 
at 60 nM in 10 ^ils final volume for two hours at 22 C or 37 ° C . Following , 
hybndization, 200 pis of a mixture of nucleases is added according to instructions from 
- the manu&dnror (Ambion Nuclease Protection Kit, 1 :200 dilution of nuclease mixture) 
30 and incubated again at the same tm^eratures for 30 minutes. Hydrolysis is stopped witih : ^ : . 
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Hybridization InhibitiaiBufifer (Ambion), and oligonucleotides are pelleted and washed 
with Etfaanol. lOfils oTlx Gel Loading Buffer (Ambion) is added and oHgonucleotides 
are separated on a 1J% TBE-urea gel. The gel is swirled in running buffer for 30 
minutes, put on aplasSc plate and imaged with the Tundra using fluorescein filters for 
selecting excitation ad emission wavelengths. The image is accumulated on the CCD 
array for 2 minutes. Best conditions are those for samples incubated in Hyb Buff 2 at 37 
C or in Hyb Buff 3 it 22 ** C. In these samples no detectable full-length protection 
fi-agment remains, and significant amounts of a portion of the fiill-lengfli prptection: 
fragment at a size ajiptrently the same as the short protection fiagment are seen; 

Example 12 mRNA Assay by NPA-MAPS . (see Figure 15) 

The fiill NPA-MAPS protocol was used, with conditions for hybridization and 
nuclease treatment sinilar to those described in Example 1 1 . Ten samples were run for 
the assay. All contwsA the same amount of the 70-mer oligonucleotide protection 
j&agment and diffiientamounts of GAPDH mRNA. Hybridization samples in 10 jils in 
50% Hybridizatim Biffer and 50% Dilution Buffer containing 0.08 mg/ml Yeast RNA 
(Ambion) w^ heatedto 90° C for 6 minutes, briefly centrifiiged, heated to 70 ° C for 
5 minutes, and allowedto cool to 19° C and incubated for 19 hours. 200 pis of nuclease 
mixture was tfaenaddd to each sample for 30 minutes at 19° C. 60 pis was ahquoted 
fiom eachsan?>lefor&MAPS aa^yv? fil of 10 NN^ 

added, and the saiq>leleated to 90° C for 15 minutes, 37° C for 15 minutes, and allowed 
to sit at room tesssper^ for 20 minutes. Then samples were neutralized with 2 fxl of 
10 M HQ, and 12 pis of 20x SSC containing 2 M HEPES pH 7.5 and 200 nM 
biotinylated detector oligonucleotide specific for the protection firagment was added 
along with 1 pi of 10% SDS. San5>les were mixed, heated to 80° C for 5 minutes, and 
two 35 pi aliquots ofcach sanq)le were pipetted to two wells of a MAPS plate (each 
sample was split in tm and nm in duplicate on the MAPS plate). The plate had been> : 
prepared as for standad MAPS protocol, with self-assembled CY5^erivatized linker 
specific fiir the piotectiQn fragment already attached. The MAPS plate wS covS^^id-^^ 
incubated at 50^ C ovonigbt, and detection and luminescence performed as described,; J 
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In the last sanQ>le, no nuclease were added during the assay as a control to visualize hssw 
the protection fragment alone would be detected by MAPS. In the lower portion of the 
figure, the intensity scan (as analyzed by the imager) for the top row of wells is 
presented. The amount of GAPDH mRNA present in the sample (that is, the amount in 
each duplicate well after aliquoting to the MAPS plate) is Usted in the figure. 



The oUgonucleotides used for the MAPS plates were ^ follows: 

Anchor*: SEQlb^:25? 
CGCCGGTCGAGCmTGTGGGAGCGC ■ * : 

Linker** . SEQiD: 26 

CTTGAGlXJAGTIXjrCATATITCTCGGATACTGAGTGCGCl^^ 
GGCG , 

Protection fi:agmeat (conq^lementary to mouse anlisense mRNA fi^r GAPDH) 

SEQID:27 

CGAGAAATATGACAACTCACn^AAGATTOTCAGCAATGCAT^^ 
TGCTTGCrraTCTAA 
Detector Ohgonucloeotide*** - labeled at 5' end wifli biotin SEQ ID: 28 

AAGCAGTTGGTGGTGCAGGATGCAT . 

*AnchoTS were synthesized with C12 spacer with amide at fiie 5' end 
**Iinkeis were synthesized with Cy5 attached at the 5' Old 
**l>etector Ohgonucleotides were syntl^ized with biotin attadied at flie 
S'end 



Example 13 pantioq Curve, NPA-MAPS (see Figare 16) 

The data discu^ed in Example 12 and shown in Figure IS were quantified and 
plotted as a dilution curve. The average and standard deviations for all eig^it spote of tbo 
two diq)licate wells are plotted for each concentration of mRNA. A binding carve is 
siqjoimposed, of tiie form: 

Fraction Bound = Max Bound * 1 /( 1 +IC50/L) 
where Max Bound is the maxinmm bound at saturation. Fraction Bound is die amount 
bound at ligand concentration, and the IC50 is &e conc^tfration of Ugaikl at which flm 
Fraction Bound is half of Max Bound. The curve is shown as red dots on flie figure; 
drawn with a best fit value of IQo ~ femtomoles as labeled in the figura 
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A total mouse RNA extract is assayed for GAPDH mRNA with an NPA-MAPS 
assay and a dilution curve is made. Total RNA from mouse liver is pr^ared using a 
Qiagen kit. RNA is precipitated in 70% EtOH with 0.5 M Mg-Acetate, and resuspended 
5 in 1 0 fils of 5x SSC with 0.05% SDS with 1 .8 nM protection fragment. The protection 

fragment added is an oligonucleotide 70 bases long, 60 bases of which are 
complementary to mouse GAPDH. Either a fragment complementary to mouse GAPDH 
mRNA is used ("protection fragment), or the complement of the sequence is use4^as "^^-f 
a negative control ^ ^^ z 

10 ("antisense fragment"). 

RNA samples with protection fragments are heated to 90° C for 5 minutes, and 
hybridizations are done by bringing samples to 70** C and allowing them to cool slowly 
to room temperature over night. S 1 nuclease (Promega) at 1:10 dilution is added in 30 
\i[s of Ix SI Nuclease Buffer (Promega) for 30 minutes at 19" C, and stopped by 1.6 fils 

15 of lONNaOH and 2.7 uls of 0,5 MEDTA. Samples are heated to 90° C for 15 minutes 

and then 37** C for 15 minutes to denature and destroy RNA, neutralized with 1 .6 ^ils of 
10 M HCl, and incubated on MAPS plates overnight in 5x SSC witti 0.05% SDS 
supplemented with 200 mM HEPES pH 7.5 to which 30 nM biotinylated detection , 
oligonucleotide is added. Washing and visualization witti SA-HRP is done as described. 

20 The amount of signal decreases in parallel with decreasing amoimts of moiise RNA . 
(samples include 500, 170, 50, 5, or 0.5 jig of total mouse RNA. Two control samples 
are included to which no SI nuclease is added. Signal is seen only for the 
complementary protection fragment. 

Oligonucleotides used: 

25 For Antisense Control (same oligonucleotides as for example 12): 

Anchor : . * . . SEQ P: 25 

CGCCGGTCGAGCGTTGTGGGAGCX5C 
Linker" SEQID:26 
CTTGAGTGAGTTGTCATATrTCT(XK3ATACraAGTGC^^ 
30 GGCG 

Protection fragment (complementary to mouse antisense mRNA for GAPDH) 

. .r -^^-^d^Mi^^fk^^W^^ .SEQID:27'C>;. 
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CGAGAAATATGACAACTCACTCAAGATTGTCAGCAATGCATCCTGCAC 
TCKnTGCrrGTCTAA 

Detector Oligonucloeotide*** SEQID:28 
AAGCAGriTGGTGGTGCAGGATGCAT 



For Sense GAPDH mRNA samples: 

AncAor : SEQ ID: 25 

CGC)CGGTOGAGCXjTTGTGGGAGCGC 
Linker** SEQ ID: 29 

ATGCATCGTXKrACCAGCAACfQim-GATACTGAGTGCGCT 

- CGGOG -C'-"^^ 

Protection fiagment (complementaiy to mouse mRNA for GAPDH): SEQ^ 3 0r 

AAGCAGTTOGTGGTGCAGGATGCATTGCTGACAATCITGAGTG^ 

TXn^GGCTTGTCTAA 
Detector OHgonucleotide*** SEQ ID: 31 

CGAGAAATATGACAACTCACTCAAG 

'Anchors were synthesized with C12 spacer with amide at the 5' end 
**Linkers were synthesized with Cy5 attached at the 5' end 
***Probes were synthesized with biotin attached at the 5* md 

Example 15 A Naclease Protection MAPS Assay with Controls. 

mRNA is extracted from moi^ liver and nuclease protection is performed 
essentially as described in Example 14, except that the GADPH spedfic protection 
fragment conqirises 60 nucleotides which are conqilementary to mouse GAPDH, 
followed by 15 "ovohanging" nucleotides at the 3' md of the fiagment which arc not 
complementary to file target. Aft^ hybridization and nuclease digestion the rranaining 
protection fiiagment is hybridized to a MAPS plate as indicated in Example 14, except 
that two differant oligonucleotide detection fiagmmts are used to detect fiie immobilized 
protecdcmfiagaaenL Qiie detection fiagment is coinplementary to the GAPDH-specific 
portion of fliefnotection fragment, and the other, a control, is complementary to the IS 
base ovediang portion of the protection fiagment Each detection fia^cait is used on 
diflferent rq;>licale samples (i.e.^ in different wells), so fiiat both detection Augments can 
be labeled with flie same detection molecule, hi the pr^ent exan4>le bofii fiagments are 
labeled wifliHRP. Without the addition of nuclease, signals fiom bofih of fiie detection 
fiagments are se^ whereas, whm naclease digestion is parfimned only die si^al 
corresponding to fiie GAPDH sequeaices can be detected . The amount f GAPDH- 
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specific signal is reduced relative to that observed in the absence of nucleasedigestion, 
because the protection fragment is added at excess relative to the amount if GAPDH 
mRNA present. This allows the amount of GAPDH mRNA to be lixnfing to the 
protective hybridization, so that the amount of double^stranded hybrid famed (and 
therefore the amoimt of protection fragment that is protected from the nucleae) reflects 
the amount of mRNA. When no mRNA is included in the reaction mixtre, neither 
signal can be detected when nucleases are added. The above findings demastrate that 
the hybridization and digestion steps of tiie assay occurred as desired. - s 
When protection fi:agments corresponding to a variety of targets are Deluded in 
a given assay, each of the protection Augments can comprise ttie same 15 baaoveriiarig 
portion. This allows for one detection fi:agment to be used to test for remainiic oveihang 
for all samples. 

Example 16 A transcription assay screening for compounds ffliat maf alter the 
expression of genes that are correlative with a disease state. 

A cell line derived from a hiunan tumor is used. It is found to expres 30 genes 
at higher levels than do normal cells. (That is, these 30 genes are being usedmore ti^n 
in normal cells, to make mRNA and then to make the piotein for which the g»K are the 
instructions. A transcription assay measures how mudi the genes are beig used by 
measuring how much mRNA for each gene is presmL) Using a nucleaseprotection 
assay on MAPS plates (NPA-MAPS), 8800 chemical compounds are testd to see if 
growing the cells in the presence of the compounds can reduce the exptossiiii of some 
of the 30 correlative genes without affecting the expre^on of six normal (onstttutive, 
^Tiousekeeping'*) genes. Any compounds having that effect might be useful iithe fitture 
development of drugs for treating this kind of tumor. 

About 10,000.to.l00,000 cells are added to eadi well of 10096-wellplystyrene 
plates and the cells are growii for^ days^imtil' they covct ttie surface ofeadwell. For 
8 wells of each plate, the cells are left to grow withotit additions. To the roiainihg 88 
wells of each plate, a different chemical compound is added so that flie cfFectof it alone 
can be tested. For the 100 plates used at one time, 8800 compounds can b tested or 
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screened. The cells are grown for 24 hours in the presence of the compounds, and flien 
the cells are harvested for assay. The cells in each plate are treated according to flie 
instructions for preparing RNA in samples from 96-well plates (for example according 
to the Qiagen RNeasy 96 kit). After the RNA is prepared, the amount of each of 36 
different mRNA species is quantified by the NPA-MAPS approach, including the 30 
correlative genes and 6 normal "housekeeping^* genes. 36 DNA oligonucleotide 
prptection fragments, each corresponding to one of the genes of interest, are added to 
each well and allowed to hybridize under selected stringent conditions to i3x^T/i^f0lt: 
mRNA sequences. Then SI nuclease is added to destroy excess unhybridized t)NA, and 
the samples are treated chemically to destroy the RNA as well. Left is the 
ohgonucleotide protection fragment for each of the 36 genes in proportion to how mucii ^ 
mRNA had been present in the treated cells for each sample. 

One hundred 96-well plates, each of which coinprises an array of a plurality of 
36 different anchor oligonucleotides in each well, are prepared by adding to each well 
36 different linker oligonucleotides. The linkers self-assemble on flie surface of each 
well, converting the generic plates to MAPS plates comprising specific probes for each 
of the 3 6 ohgonucleotide protection fragments. Each link^ has a portion specific for piife 
of the 36 anchors and a portion specific for a segment of one of the 36 protection v 
ohgonucleotides. The oligonucleotide sample fiiom each well of the 100 sample plates 
is added to a corresponding well of the 100 MAPS plates. After hybridization uirier 
selected stringent conditions, a detection oligonucleotide for each target with a 
chemiluminesc^t enzyme attached is added, so that each specific spot of each well lights 
up in proportion to how much mRNA had been present in the ^anple. Any wells ttiat 
show reduced amounts of correlative genes with no effect on the 6 house keeping g^es 
are interesting. The compoimds added to the cells for those samples are possible starting 
points to develop anti-tumor agents. 

Example 17 Induced and c nstitutive gene expression. 

RNA was prepared essentially as described in Example 14, fix)m the livas of 
mice either not infected ("Control") or one hour after infection {"Infected") by 
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adenovirus. 60 ^gs of liver RNA wajused for each sample, and samples were prepared 
in duplicate. Each assay weU contaiiri three sels of duplicate loci, corresponding to &^ 
three genes described above. Eacl locus contained an anchor, bound to a linker 
comprising a probe which was comifementary to a protection fragment corresponding 
5 to one of the three genes. A nucleasepiotection MAPS assay was performed essentially 

as described in Figure 12, and tiie images were collected and scanned as described. 
Sho^yn are the raw image data colleded and the inteiisit^ 

each of the three mRNA targets. Tic numbers over the scan lines are the iiprtegrated f r^r^^^^ 
intensity values and standard deviations for each condition (n = 4). The house-keeping" 
10 gene, GAPDH, not expected to cha^e, showed a modest increase of 1.3-fofld in the J " 

infected sample that was not statisticdly significant. The transcription of MIP-2 and c- 
jun was increased 4 and 6-fold, respedvely. These findings demonstrate that two genes, 
MIP-2 and c-jun, exhibit enhanced expression in response to adenovirus mfection, 
compared to a control, constitutivelyexpressed gme - GAPDH. ' ' 

15 Example 18 An enzyme assay sacening for compounds that selectively inhibit 

tyrosine or serine kinases (see Figire 17^. 

Kinases are eiizymes that attadi a phosphate to proteins. Many have be^ shown 
to stimulate normal and neoplastic cd growth. Hence, compounds that inhibit specific 
kinases (but not all kinases) can beosed to t^ whether the kinases are inw)lved m 
20 pathology and, if so, to serve as staling points for phannaceutical developnient. For 

example, five tyrosine kinases thai are involved in stimulating cell growtii or in 
regulating the inflammatory responseare src, Ick, fyn, 2^p70, and yes. Each kfinase has 
substrates that are partially identified,as short pq)tides that contain a tyrosine.; Some of 
the kinase specificities overly so hat differmt kinase may phosphoiy late some 
25 . peptides equally but others preferentiilly. For the five kinases, 36 peptide substtrates are • 
^ "^"^^ - » selected thaitlshow a spectmm of spedfic and overlapping specificities. 

One hundred 96-well plate are used; each well comprises 36) generic 
oligonucleotide anchors. 36 linkos aie prepared to convert fihe generic oligonnK^leotide 
\ ssr^^a^^^ anchors only) to airays comprising pq)tide substrates. The 3S peptide ^ 
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substrates are synthesized and each is attached covalently throug^i an amide bond, for 
example, to an oligonucleotide containing a 5' amino group. The oligonucleotides 
contain sequences that hybridize specifically to the anchors. The peptide/oligo linkers 
are self assembled on the surface by adding them to all wells of the MAPS plates. 

For screening, the five kinases at appropriate concentrations (so that the rates of 
phosphotylation of the substrates are balanced as much as possible) are added to each 
well along with one of 8 800 different compounds to be tested. The corrqioxmds are tested 
for their ability to directly inhibit the isolated enzymes. The amount of phosphorylation; 
of each arrayed peptide is detected by adding labeled antibodies that bind only to 
peptides that are phosphorylated on tyrosine. Any wells that show a reduction in some; 
of the phospho-tyrosine spots but not all of the spots are int^esting. Compounds that had 
been added to those wells can be tested fiirther as possible selective inhibitors of some 
of the kinases tested, 

The scheme of the assay is shown in the top panel of Figure 17. A chimeric linko- 
molecule is prepared in which a 25 base pair oUgonucleotide conq)lementaTy to one of 
the anchors is crosslmked to a peptide substrate of a tyrosine phosphokinase enzyme. The 
chimeric oUgo-peptide substrate self-assembles onto an array of oli^nucleotide anchors, 
the kinase enzyme is used to phosphoxylate the peptide portion of the chimera, and after 
the enzyme reaction is allowed to proceed, the amount of phosphorylation of tiie peptide 
is determined by anti-phoshotyrosine or anti-phosphoserine antibodies wifii an attached ^ 
detection fluorophore or enzyme. 

The results of the assay are shown in the lower panel. The homobiflmctional 
crosslinker, DSS (Pierce), was used to attach the 5' amino groiq) of an oligonucleotide 
linker to the N terminus of a peptide synthesized with a phosphorylated tjnrosine. The 
sequence of the peptide in single-letter code was: TSEPCJpYQPGENL (SEQ ID: 32), 
where pY represents phosphotyrosine. The chimera was eitfao* used directiy or first- 
brought to pH 1 4 for 60 minutes in order to partially hydiolyze Ihe phosphate group fix}m 
the tyrosine. The phosphorylated or partially dephosphoiyiated chimeric molecules were 
self-assembled onto complementary anchor molecules within a MAPS plate at thei ! 
concentrations shown for one hour. After washing and blocking the wells with, 0;3%;- 
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BSA in SSPTP antiphosphotyrosine antibody crosslinked to HRP (antibody 4G10 from 
Upstate Bbtechnology, Lake Placid, NY) was added at a 1 :3000 dilution in SSPTP for 
one hour, and the amount of antibody attached detected with chemiluminescence 
substrate, Super Signal Blaze. The image shown was accumulated on the CCD array for 
1 minute, ks expected a difference was seen in the amount of phosphate attached to the 
oligo-peplde. This differoice is the basis for an assay measuring how active a series of 
Icinases isftrhen treated with different possible inhibitors. 

Example 19 A binding assay for the detection of selective inhibitor^: of the - 
interactiQ between SH2 domains and phosphorvlated peptides, 

SIB domains serve as docking subunits of some growth regulatory proteins. The 
domains kind to phosphotyrosine containing protems or peptides with imperfect 
specifiGitj That is, some phosphotyrosine peptides bind specifically to one or to few 
SH2 protens while others bind widely to many SH2 proteins. 

Fa this assay, the linkers are phosphorylated peptides covalently attached to 
oligonuclotides. The peptide moieties are selected for their ability to bind to a group 
of selecte<ISH2 ptotems. The linkers convert generic MAPS plates to plates witti ligarids 
specific fa the group of SH2 proteins. 100 96-weIl MAPS plates bearing the ligands are 
generated Hie proteins are isolated and labeled with^ for example, a cy5 fluorescent 
molecule. 

In order to screen fin: inhibitors of the SH2 domain/ phosphopeptide interaction, 
the group if labeled SH2 proteins is added to each well of the 100 96-well MAPS.plates, 
and in eacl well a diffoent test compound is added. Hence the eflfect of each compound 
individual^ on the inta:action of the SIC proteins with their.phbsphopeptide ligarids is 
tested. Th assay is to measure the fluorescence of boimd SH2 protein associated with, 
each surfiate-bound pq)tide linker. For any well showing reduced fluorescence at some 
spots but rot all ^ts, the onnpound added can be fiuther tested as a putative js^ective 
inhibitor <f SH2 docking. 
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Example 20 Hi gh Throughput Screening (see Figure 22) 

Shown is a high throughput MAPS plate demonstrating the detection of signal 
from 96 wells in a single experiment. Hybridization to the same oligonucleotide v/as 
measured with 16 repUcates in 80 wells. As shown, the reproducibility of the 1280 
hybridization assays was veiy high. The left-most and right-most colunms served as 
controls to standardize the signal for different concentrations of the oligonucleotide. 

In a similar fashion, 16 diflFerent.ohgonucleotides can be tested in each well, and 
the test repeated in the 80 difBsrent wells of the plate. Of course, an even greater number^ 
of different oligonucleotides or other probes, (eg., 100 nucleotide probes) can be asisayed 
in each well, and many plates can be tested simultaneously (e,g^., 100 plates, such as 96- 
well microliter plates). The large number of assays which can be performed on each 
sample (eg., in the latter case, about 100 different assays) and the large number of 
samples which can be assayed simultaneously (eg., in the latter case, about 96 x 100, or 
9600 difierent samples) provides for very high throughput. 

Example 21 Assay with Detection Linker^ pnd R^pprt^r Agents (See Figure 23) 
A sanq)le conqirising an mRNA of interest is subjected to a nuclease protection 
procedure, using as a protection firagment an oligonucleotide which comprises a target _ 
specific moiety and a control overhang moiety; which is not complementary to the: 
mRNA. Following nuclease digestion, the control overhang moiety can be cleaved off, • 
as desired, as is illustrated in the left portion of the figure; or the overhang can fail to be 
digested, as is illustrated in the right portion of the figure. The resulting nuclease 
protection fi:agments are hybridized to a detection linker, which comprises a target- 
specific moiety and a control overiiang-specific moiety. In the assay shown in the left 
part of the figure, the control oveihang moiety of the detection linker remains 
unhybridized; by contrast, in the assay shown in the right part of the figure, the control ; 
overhang moiety of the detection'linker hybridizes to the residual control pveiliarig 
sequence of the protection fi-agm^t. In a subsequent step of the assay, a reporter 
reagent, which comprises a m iety that can interact with control oyerhang-specific 
moietv of the detection hnker, is allowed to interact.with the comolexes. In the 
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shown in the left part of the figure, the reporter reagent hybridizes to the control 
overhang-specific moiety of the detection linker, which remains available for 
hybridization, and the complex can be detected by virtue of the signaling entity on the 
reporter reagent. By contrast, in the assay shown in the right part of the figure, the 
reporter reagent is unable to bind to the complex because the complementary sequences 
are not available for hybridization, so no signal is associated with the complex. 

In many of the assays of this invention, a reporter reagent can interact with any 
sequence present in a detection linker, not limited to a sequence specific for a control 
overhang. ^ ' ; 



10 Example 22 High Throughput Screening (see Figures 25 and 26) 

Figure 25 presents raw image data for an assay using detection linkers and a single 
detector ohgonucleotide. The assay tested the expression of 13 native niRNA species 
fi-om 96 different cell samples. Each well of a 96-well plate contained 10^ THP-1 cells 
untreated (left half of the figure), or induced to monocytes with PMA and LPS (right 
15 half). 

The pattem of expression changed consistently. IL-1 , TNF , COX-2, Vjjimei^tin, XJ^ZS, 
Osteopontin , and heta-Thromboglobulin were induced. Catbgpsin-G, Cyp)m-b, HMQilI 
and Angiotensin were turned oflf, GAPDH and Astin were unchanged. 

Figure 26 presents the spatial arrangement of genes for the THP-1 cells, along wilh 
20 two sample wells of data (selected fi-om Fig 25). 

The oligos used in this experiment are listed below. For some targets, the intensity of 
signal was reduced by diluting the detection linker with an incomplete detection linker 
oligonucleotide, containing the 25 bases complementaiy to the protection firagment but 
not containing the sequence complementary to the detection probe. These incomplete 
25 oligos are referred to as "attenuation fectors." 

Table 1 presents quantification of the raw data presented above. This is the complete 
screenmg assay, done m higjh throu^put feshion. Cells were grown and treated in 96- 
well plates at an aveii|e%f 10*^^^^ of cells that can be conveniently . 
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handled in microplates* T our knowledge, this is the first time that an expression pattern 
for 13 genes has been measured in hig}i throughput format, and it is the first time that 13 
genes have been assessed from such small cell samples. The results obtained using assay 
corroborate and extend the literature, as summarized in TaUe 1 . The assay can detect less 
5 than one copy per cell. The literature references reflect observations accumulated from a 
variety of related cell types, such as U-937 cells. The large differences seen between the 
Control and Liduoed conditions result firom the veiy low background signals for our 
measurements. Ihe use of detection linkers, allowmg for only one species of detection 
probe helped to reduce the back^ound for the assay. This is because the total , ^ ^ 

10 concentration ofHRP-containingdetec^on probe is much reduced. -h'^^'-'^^^^^r^-'y^^-/^- 



Table 1. Relative Abundance (RNA Molecules per cell"*) 
MAPS 96-16 Format, 10^ CellsAVell 



Gene 


Control 


Induced 


Literature 




GAPDH 


30 ± *7% 


30 ± 14% 


No Change 




ILl-beta 


**nd 


684 ± 14% 


Increase ..S- 




TNF 


3.0 ±40% 


214 ±23% 


Increase 




Cathepsitb<> 


S3 ± 8% 


nd 


Decrease 




COX-2 


nd 


8.3 ±23% 


Increase 




Cyclin-2 


2.8 ±11% 


0.5 ± 46% 


No Change 




Vimentin 


nd 


37 ±33% 


Increase 




LD78-b 


nd 


3360 ±28% 


Increase 




HMG-I7 


336 ± 5% 


33 ±23% 


Decrease 




Osteopontb 


nd 


18 ±23% 


-Not Reported 




Thrombo^obulin 


nd 


66 ± 15% 


Increase 




Angiotraism 


0J±18% 


0.1 ± 66% 


Not Reported 




Actin 


79 ± 7% 


43 ±21% 


No Change 





+EstimatBd vahes, assuming GAPDH was at 30/cell _ 



•%CV (Std DevMem as a %) (n=48) 
**nd = not detet^ble 
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The oligos used in Example 22 with detectionlinkcrs and a single probe 



Fixed Probe: CACCTCCAAACAGTGAAfiGAGAGCA (conjugated to HRP) 

Target #1; ID: Ml 7851 GAPDH (572-513) 
Anchor: - length = 25 
CGCCGGTCGAGCGTTGTGGGAGCGC 
Target: - length = 60 

TGAGAAGTATGACAACAGCCTCAAGATCATCAGCAATGCCTCCTGCACCACC 
AACTGCTT 

Linker: -length = 60 . 

ATGCCTCCTGCACCACCAACTGCTTGArACTGAGTGCGCTCCCAGAAeGCXCG 
ACCGGCG , ■ 

Protection Fragment: - length = 75 

AAGCAGTTGGTGGTGCAGGAGGCATTCTGATGATCTTGAGGCTGTTGTCAT 

ACTTCTCAGCTTGTCTAAGTCTG 

Detection-Linker: - length = 60 

TGCTCTCCTTCACTGTTTGGAGGTGGATACTGAGTTGAGAAGTATGACAACAG 
CCTCAAG 

Attenuation Factor : - length = 25 

TGAGAAGTATGACAACAGCCTCAAG . 

Target #2; ID: M15840 DLl -beta (4392-433) ; 
Anchor: - length = 25 
TCCACGTGAGGACCGGACGGCGTCC 
Target: -length = 60 

CGACACATGGGATAACGAGGCTTATGTGCACGATGCACCTGTACGATGACTG 
AACTGCAC X V . 

Linker: -length = 60 

CACCTGTACGATCACTGAACTGCACG/TACTGAGTGGACGCCGTCCGGTCCT : 
CACGTGGA 

Protection Fragment: length = 75- 
GTGCAGTTCAGTGATCGTACAGGTGC/rCGTGCACATAAGCCTCGTTATCCCA 
TGTGTCGGCTTGTCTAAGTCTG 
Detection-Linken -length = 60 

TGCTCTCCTTCACTGTTTGGAGGTGGAIACTGAGTCGACACATGGGATAACGA 
GGCTTAT 

Attenuation Factor : - length = 25 
CGACACATGGGATAACGAGGCTTAT 

Target #3; ID: M10988 TNF (780-721) 
Anchor: - length = 25 
CACTACGGCTGAGCACGTGCGCTGC 
Target; -length = 60 
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CGGAACCCAAGCITAGAACTTTAAGCAACAAGACCACCACTTCGAAACCTGG 

GATTCAGG 

Linker: -lraigfli = 60 

ACCACTTOGAAACCTGGGATTCAGGGATACTGAGTGCAGCGCACGTGCTCAG 
CCGTAGTG 

Protection Fiagmrait: -length = 75 

CCTGAATOCCAGGTTTCGAAGTGGTGGTCTTGTTGCTTAAAGTTCTAAGCTTG 

GGTTCCGGCTTGTCTAAGTCTG 

Detection-Linker -laigfli = 60 

TGCTCTCCTTCACTGTTTGGAGGTGGATACTGAGTCGGAACCCAAGCTTAGAA 
CTTTAAG 

Attenuation Factor : -length = 25 

CGGAACCCAAGCTTAGAACTTtAAG , 

Target #4; ID: M17851 GAPDH (572-513) 
( same as for Target #1) 

Target #5; ID: M161 17 Cathepsin-G (373-314) 
Anchor: -length =25 
GAACCGCTCGCGTGTTCTACAGCCA 
Target: -lengtfa = 60 

GCGGACCATCCAGAATGACATCATGTTATTGCAGCTGAGCAGAAGAGTCAGA 
CGGAATCG 

Linker -leiigfli = dO • 
TGAGCAGAAGAGTCAGACGGAATCGGATACTGAGTTGGCTGTAGAACACGC 

GAGCGGTTC 

Protection Fragment - lengtii = 75 

CGATTCXXnCTOACTCTTCTGCTCAGCTGCAATAACATGATGTCATTCTGGAT 
GGTCCGCGCTTGTCTAAGTCTG 

Detection-Linkn: - length = 60 ■ ' 

TGCTCTCCTTCACTGTITGGAGGTGGATACTGAGTGC'GGACCATCCAGAATGA 

CATCATG 

Attenuation Factor : -length = 25 
GCGGACCATCCAGAATGACATCATG 

Target #6; ID: M90100COX-2 (240-181) 
Anchor -laigfli=25 
CTCGTTCCGCGTCCGTGGCTGCCAG 
Target: -lQigai = 60 

CCGAGGTGTATGTATGAGTGTGGGATTTGACCAGTATAAGTGCGATTGTACC 
CGGACAGG 

Linker -laigdi = 60 , 
ATAAGTGCGATTGTACCCGGACAGGGATACTGAGTCTGGCAGGCACGGACGC 
GGAACGAG * 
Protection Fragmoit: - laigth = 75 
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CCTGTCCGGGTACAATCGCACTTATACTGGTCAAATCCCACACTCATACATAC 

ACCTCGGGCTTGTCTAAGTCTG 

Detection-Linker: -length = 60 

TGCTCTCCTTCACTGTTTGGAGGTGGATACTGAGTCCGAGGTGTATGTATGAG 
TGTGGGA 

Attenuation Factor : - length = 25 
CCGAGGTGTATGTATGAGTGTGGGA 

Target #7; ID: M74091 cyclin (932-873) 

Anchor: -lengtii = 25 

CGGTCGGCATGGTACCACAGTCCGC 

Target: -length = 60 >' 

CACCTCCAAACAGTGAAGGAGAGCAGGGTCGAAATGGAAGTCAGAACTCTA 
GCTACAGCC v'/f ^' 

Linker: -length = 60 

GGAAGTCAGAACTCTAGCTACAGCCGATACTGAGTGCGGACTGTGGTACCAT 
GCCGACCG 

Protection Fragment - length = 75 

GGCTGTAGCTAGAGTTCTGACTTCCATrrcGACCCTGCTCIXXTrCACTGTTTG 

GAGGTGGCTTGTCTAAGTCTG 

Detection-Linker: -length = 60 

TGCTCTCCTTCACTGTTTGGAGGTGGATACTGAGTCACCTCCAAACAGTGAAG 
GAGAGCA 

Attenuation Factor :- length = 25 
CACCTCCAAACAGTGAAGGAGAGCA 

Target #8; ID: M 14144 vimentin (1338-1279) 
Anchon - length = 25 
GCGCGCCGCGTTATGCATCTCTTCG 
Target: -lengfli = 60 

GTGGATGCCCTTAAAGGAACCAATGAGTCGCTGGAACGCGAGATGCGTGAAA 

TGGAAGAG 

Linker: -length = 60 

ACGCCAGATGCGTGAAATGGAAGAGGATACTGAGTCGAAGAGATGCATAAC 
GCGGCGCGC 

Protection Fragment - length = 75 

CTCTTCCATTTCACGCATCTGGCGTTCCAGGGACTCATTGGTTCCTTrAAGGG 

CATCCACGCTTGTCTAAGTCTG 

Detection-Linker: - length = 60 

TGCTCTCCTrCACrGTTTGGAGGTGGATACrGAGTGTGGATGCCCTTAAAGGA 
ACCAATG 

Attenuation Factor :- length = 25 
GTGGATGCCCTTAAAGGAACCAATG 

Target #9; ED: D90145 LD78-b (2049-1990) 
Anchor: - length = 25 
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GTTAGCATACGTGTCACCACACCGG 
Target - length = 60 

CACCTCCCGACAGATTCCACAGAATTTCATAGCTGACTACTTTGAGACGAGC 

AGC(AGTG 

Linker. - length = 60 

ACTACTTTGAGACGAGCAGCCAGTGGATACTGAGTCCGGTGTGGTGACACGT 
ATGaAAC 

Protedion Fragment -lraiglh = 75 

CACTl(KJCTGCTCGTCnX:AAAGTAGTCAGCTATGAAATTCTGTGGAATCTGTCG 

GGAGGTGGCTTGTCTAAGTCTG 

Detection-Linker: - loigth = 60 

TGCTCTCCTTCACTGTnXKjAGGTGGATACTGAGTCACCTCCCGACAGATTCC 
ACAGAAT 

Attenuation Factor :- laiglh = 25 * * 

CACCrCCCGACAGATTCCACAGAAT 

Target#lO; ID: X13546HMG-17M12623-mRNA (191-132) 
Ancho: - length = 25 
CGTaOTCCGTCGGCCAGCTCTTCC 
Target -length = 60 

CAAAGGTGAAGGAOGAACCACAGAGAAGATCCGCGAGGTTGTCTGCTAAAC 

CTGCrcCTC 

Linker - length = 60 

AGGTTGTCTGCTAAACXTCCTCCTCGATACTGAGTGGAAGAGCTGGCCGACG 
GACIGACG 

Proteofion Fragment -lcngdi=75 

GAGGAGCAGGTTTAGCAGACAACCTCGCGGATCTTCTCTGTGGTTCGTCCTTC 
ACCTnrGGCTTGTCTAAGTCTG 
Detecfion-Linker: - lengfli = 60 
. TGCICTCCTTCACTGnTGGAGGTGGATACTGAGTCAAAGGTGAAGGACGAA 
CCACAGAG 

Attenuation Factor : -laiglIi = 2S 
CAAAGGTGAAGGAOGAACCACAGAG 

Target#ll; ID: X136940steopontin (783-724) 
Anchor -lengfli = 25 
ATCaGTTAACCACATGCTAGTACC 
Target -length = 60 

CCGTGGGAAGGACAGTTATGAAACGAGTCAGCTGGATGACCAGAGTGCTGA 

AACOCACAG 

Linkra - length = 60 

ATGACCAGAGTGCTGAAACCCACAGGATACTGAGTGGTACTAGCATGTGGTT 
AACTGGAT - 
Protection Fragment -laiglh = 75 ■ - 

CTGT(KK}TTrCAGCACTCTGGTCATCCAGCTGACTCGTTTCATAACTGTCCI^ 
CCAOGGGCrrGTCTAAGTCTG 
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Detection-Linker: - length = 60 

TGCTCTCCTTCACTGTTTGGAGGTGGATACTGAGTCCGTGGGAAGGACAGTTA 
TGAAACG 

Attenuation Factor : - length = 25 
CCGTGGGAAGGACAGTTATGAAACG 

Target #12; ID: M17017 b-thromboglobulin (142-83) 
Anchor -lengtii = 25 
TTAGCGTTGGCCGAGGTTCATAGCC 
Target: -length = 60 

GTGTAAACATGACTTCCAAGCTGGCCGTGGCTCTCTTGGCAGCCTTCCTGATT 

TCTGCAG 

Linko": -length = 60 

TTGGCAGCCIT<XTGATTTCTGCAGGATACTGAGTGGCTATGAAeCTeGGO(?A 
ACGCTAA 

Protection Fragment: - length = 75 

CTGCAGAAATCAGGAAGGCTGCCAAGAGAGCCACGGCCAGCTTGGAAGTCA 

TGTTTACACGCTTGTCTAAGTCTG 

Detection-Linker: -length = 60 

TGCTCTCCTTCACTGTTTGGAGGTGGATACTGAGTGTGTAAACATGACTTCCA 
AGCTGGC 

Attenuation Factor : - length = 25 
GTGTAAACATGACTTCCAAGCTGGC 

Target #13; ID: M17851 GAPDH (572-513) 
( same as for Tatget #1) 

Target #14; ID: K02215 angiotensin (805-746) 

Anchor: - length = 25 

CATTACGAGTGCATTCGCATCAAGG 

Target: -length = 60 ' " 

CACGCTCICTGGACnrCACAGAACTGGATGTTGCTGCTGAGAAGATTGACAG 

GTTCATGC 

Linker - length = 60 

GCTGAGAAGATTGACAGGTTCATGCGATACTGAGTCCTTGATGCGAATGGAC 
TCGTAATG 

Protection Fragment: -lengtfi = 75 

GCATGAACCTGTCAATCTTCTCAGCAGCAACATCCAGTTGTGTGAAGTCCAGA 

GAGCGTGGCTTGTCTAAGTCTG 

Detection-Linker: -length =60 

TGCTCTCCrrCACTGTTTGGAGGTGGATACTGAGTCACGCTCTCTGGACnTCA 
CAGAACT ^. 
Attenuation Factor : -length = 25 
CACGCTCTCTGGACTTCACAGAACT 

Target #15; ID: M10277 Actin (2627-2568) 
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Anchor: - length = 25 
ATCATGTAAGTCTTCGGTCGGTGGC 

Target: - length = 60 . 
GAGTCCTGTGGCATCCACGAAACTACCTTCAACTCCATCATGAAGTGTGACGT 

GGACATC 
Luiker: - length = 60 

CATCATGAAGTGTGACGTGGACATCGATACTGAGTGCCACCGACCGAAGACT 
TACATGAT 

Protection Fragment: -length = 75 

GATGTCCACGTCACACTTCATGATGGAGTTGAAGGTAGTTTCGTGGATGCCAC 

AGGACTCGCTTGTCTAAGTCTG 

Detection-Linker: - length = 60 

TGCTCTCCTTCACTGTTTGGAGGTGGATACTGAGTGAGTCCTGTGGCATCCAC>* 
GAAACTA 

Attenuation Factor : - length = 25 
-GAGTCCTGTGGCATCCACGAAACTA 



Target #16; ( this spot was not used) 
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the foregoing description, one skilled in the art can easily ascertain the 
essential characteristics of this invention, and without departing from the spirit and scope 
thereof can make changes and modifications of the invention to adapt it to various usage 
and conditions. 

Without fiirdier elaboration, it is believed that one skilled in tfie art can, using the 
precedtng description, utilize the present invention to its fidlest extent. The preceding 
preferred specific ^bodiments aie, therefore, to be construed as merely illustratiye^and 
not limitative of the r^ainder of flie disclosure in any way whatsoev^. , V %S ' * ' 

The entire disclosure of all s^Iications, patents and pubhcations, cited aboyb and . 
in the fiigpres are hereby incorporated by reference. 
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WHAT IS CLAIMED IS : 

1. A method to detect one or more nucleic adds of interest, comprising 
subjecting a sample comprising said nucleic acid(s) to nuclease protection with one or 
more protection fragments, and detecting the hybridized dufte molecule, or the single 

5 strand protected nucleic acid(s), or the protection fragment(s), witii mass spectrometry. 

2. The method of claim 1 , wherein the method iahigji throug^ut method. 

3. The method of claim 2, wherein the nucleic irid(s) whidi is detectqd is 
a protection fragment(s). * * 

4. The method of claim 3, wherein at least two difoent protection fragments ' 
10 are detected. 

5. The method of claim 3, wherein at least 16 difeent protection fragments 
are detected. 

6. The method of claim 2, wherein the nucleic tdd(s) whidi is detected is 
a hybridized duplex molecule. 

15 7. The method of claim 2, wherein the nucleic icid(s) whidi is detected is 

the protected nucleic acid. 

8. The method of claim 2, wherein said nudeic acid(s) of interest is 
measured. 

9. The method of claim 8, wherein the nucleic actd(s) whidi is measured is 
20 a protection fi:agmeiit(s). 

10. The method of claim 2, wherein said protection fragment is modified 
chemically, and said chemical modification, with or withoulflie nucleic add portion of 
the protection firagment, is detected. 

11. A combination usefiil for the detection of one or more targrt(s) in a 
25 sample, which comprises, before the addition of said smspk, 

a) a surface, comprising multiple spatially disaete regions, at least two of 
which are substantially identical, each region comprising 

b) at least eight different oligonucleotide ancboifs, each in association with 
a bifimctional linker which has a first por^si that is specific for the 
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oligonucleotide anchor, and a second portion that comprises a probe which is specific for 

said target(s), 

wherein said surface has 

a) about 96 substantially identical rpgions, wherein each region comprises about 
' 5 1 6, 36, 46 or 1 00 different ohgonucleotide anchors, 

b) about 384 substantially identical regions, wherein each region comprises about 
9, 16, or 25 different oligonucleotide anchors, or 

c) about 1536 substantially identical regions, whcfein each region comprises 
about 4 or 9 different oligonucleotide anchors. ' ■ 

10 12. A method of detecting at least one target, comprising 

a) contacting a sample which may compile said target(s) witti the 
combination of claim 11, under conditions effective for said target to bind to said 
combination, 

b) contacting said combination and any bcwnd targets with a labeled 
15 detection probe, and 

c) detecting said detection probe. 

13. The method of claim 12, wherein said labeled detection probe produces 
a chemiluminescent signal. , . ^ 

14. The method of claim 12, wherein the targ^ is measured. 
20 15. A method of detecting at least one target, comprising 

a) contacting a sainplewMch may coinprise said target(s) with a bifimctional 
linkra- which has a first portion that is specific for an oligonucleotide anchor and a second 
portion that comprises a probe which is specific for said target(s), under conditions 
effective to obtain a first hybridization product between said target(s) and said linker, 
25 b) contacting said first hybridization product with a combination under 

conditions effective to obtain a second hybridization product between said first 
" V hybridizatioii product and said combination, wherein said oranbination conprises, befine 
the addition of said first hybridization product, 

1 ) a surface comprising multiple spatially discrete regi ns, at least 
30 . two of which are substantially identical, each regi n cortmrising 
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2) at least 8 different oligonucleotide anchors, 

c) contacting said first hybridization product or said second hybridization 
product with a labeled detector probe, and 

d) detecting said detection probe. 



wo oo/yieM 



1 / 23 



PCT/US99/30515 




WO00A37684 



2 / 23 



PCT/US99/30515 




wo 00/37684 



4 / 23 



PCTAJS99/30515 




wo 00/37684 



PCT/US99/30515 




wo 00/37684 



PCrAJS99/30S15 



7 / 23 





o 
bib 



wo 0007681 PCTAIS99A30515 

[ 8 / 23 




WO00/37(i84 PCTAJSW/30515 

9 / 23 




wo 00/37684 



10 / 23 



PCT/OS99O0515 



o 
o 



12 S "o 
o o o 
o o ^ 



O CO CO 




o 
o 
o 



o 
o 



o 
o 
o 



o 
o 





wo 00/37684 PCTAJS99/30515 

11 / 23 




wo 00/37684 



PCrAJS99/30515 



12 / 23 




wo 00/37684 



PCTAJS99O0515 



13 / 23 




wo 00/37684 



14 / 23 



PCT/US99y30515 




wo 00/37684 PCT/US99O05I5 

15 / 23 



wo 0007684 



16 / 23 



PCT/US99/30S15 




wo 00/37684 



PCT/US99/30S15 




wo 00/37684 



18 / 23 



PCTAIS99/30515 



v9 




wo 00/37684 



19 / 23 



PCTAIS99/30515 




wo 00/37684 



20 / 23 



PCiyUS99/30515 



m Restriction Site 
I Prim 



Primer Two 




Primer One Drtection Probe- 

Spedfic Sequence 



wo 00/37684 



PCTyUS99/30515 



21 / 23 




wo 00/37684 



22 / 23 



PCT/USW/30515 




wo omim 



23 / 23 



PCT/US99/30515 




FIGURE 26 




INTERNATIONAL SEARCH REPORT 


MtWk jmd ApplceUen No 

PCT/US 99/30515 


IPC 7 C12Q1/68 




Aoooidtng to intomattonal Peter* Closaineattm 0^ 




a FIEIM SEARCHED 


Mtnlnnumdooumeittattoneeaithed (claaaJflcatlon system fofloviwd by daaotfloslkm Qy?rtK>le) 

IPC 7 C12Q 



DocunontBttonseeiGhedomerthaninlnli^^ InthofteWaaearohed 



Bectromo data baee consulted duitno the Intemattonaleoaich (name of data base and, whew pnadteal search tenre used) 



g POCUMEKTS C0H8IDERED TO BE RELEVAIff 



Category* 


Clallonof (tooumenl.wilthlndlcalton, where approprtatobrt the wlwantpagaaqw 


Hotevartto ctalm Hi,. 


X 


WO 96 29431 A (SEQUENOH INC) 


1-10 




26 September 1996 (1996-09-26) 






cited In the application 






the whole document 






specially 






claim 48 




X 


UO 97 31256 A (BLOK HERMAN ;BARANY GEORGE 


11-15 




(US); KENPE MARIA (US); ZIRVI MONIB (US) 






28 August 1997 (1997-08-28) 






the whole document 











Further documantoatfe Hated In the oonttnuatk>naf boxC. 



Pdnift feiidlir nrnnbera are Bated In annB)c 



* St>eclat categortoa of cfted dooumerda : 

*A' document defining the generel state of ttio artwhiGhbrKrt 

oonaMared to be of paitloular relevanoe 
"E' eaifler document but pubSahed on or after the Intomadonal 

fling data 

V docurnemwtilchrnavttHinvdoitrtaohprknlty c)akn(a)or 
which ladted to ettobh the piJbHcaflori date of aixither 
ctatlon or othM'apeelaJ reason (aa apecffied) 

10" documefilrBfentngtoanoraldi8clo8ure,U8e, exhbttloner 
dherfn^ne-' 

T* document piMahedpflor to the Intenutional ffltng date but 
later than the prtorfty date olabned 



T latardooumenlintUshad after the htemaSonalfltngdBte 
orpriod^datoandnotfinoonfOolMQhttie tp pQ cattenbUt 
CM to undratandiha fntnc|>le or thaiay inJedylng tha 



V doouoMatotpdlDUlarretovanoeitheciAned Inveitton 
cannatbe oiotidaiadno^^v cannot beoOTrideied to 
Involve an Invorttve atop when tho dooKnort Is talwi alone 

dooumert (rf paittUar relBvanoe; the ctafti^ 
cannollyo ooosUBiedtofewcdireanbwenOve etap when the 
docurant tdoonthadwthonoormoreothar auchdcxxi- 
n«rtik such eonthatkm being oMouB to a peieon ekM 

"V dooumert menber of he aame patent fonl^ 



Data Of the actual oompletion oT ttie Intematkinal soarch 

31 May 2000 


Date ol ineflBni) of fitt bitemattttrial eeaich leport 

08/06/2000 ' : : . 


Namtf^Jff^^ 

: ' i ■ ■ ' European Patent Office, P3: 581 8 Patanbaan 2 
...,.., vvv'>Vji. ;NL^2280 HV RUswOk 

V :r Tel.(+St-70)340-204(XTx.31651eponI, 
: ^ Pmc (431-70) 340^16 


AmtKNtEed otSoer 

Molina fialan, E . J ^ , 



page 1 of 3 



INTERNAnONAL SEARCH REPORT 



InlM. MMlApp«ealienNo 

PCT/US 99/30515 



C^ContlRUaUoi^ OOCUMENTB C0NSIDERB>tO BE RELEVANT 


Cfltoooiy ' 




ReloventtoGlaknNo. 


X 


NIEHEYER C N ET AL: 

'OLIGONUCLEOTIDE-DIRECTED SELF-ASSENBLY OF 
PROTEINS: SEMISYNTHETIC DNA-STREPTAVIDIN 
HYBRID nOLECULES AS CONNECTORS FOR THE 
GENERATION OF MACROSCOPIC ARRAYS AND THE 
CONSTRUCTION OF SUPRAHOLECULAR 
BI0CONJU6ATES" 

NUCLEIC ACIDS RESEARCH,GB,OXFORD 
UNIVERSITY PRESS, SURREY, 
vol. 22, no. 25, 

1 January 1994 (1994-01-01), pages 
5530-5539, XP00D645135 
ISSN: 0305-1048 
the whole document 


11-15 

. >- - 


A 


UO 91 15600 A (HOPE CITY) 
17 October 1991 (1991-10-17) 
the whole docusrait 


1-10 


X 


WO 97 33000 A (fiENETRACE SYSTEMS INC) 
12 September 1997 (1997-09-12) 
the whole docuoent 


1-10 


A 


TANG K ET AL: 'MATRIX-ASSISTED LASER 

DESORPTION/IONIZATION OF RESTRICTION 

ENZYME-DIGESTED DNA" 

RAPID COMMUNICATIONS IN MASS 

SPECTROMETRY, GB,LONDON, 

vol. 8, no. 2, 

1 Fd)ruary 1994 (1994-02-01), pages 
183-186, XPOO06O8266 




A 


LITTLE D P ET AL: "MALDI ON A CHIP: 
ANALYSIS OF ARRAYS OF LOM-FEKTOMOLE TO 
SUBFEHTONOLE QUANTITIES OF SYNTHETIC 
OLIGONUCLEOTIDES AND DNA DIAGNOSTIC 
PRODUCTS DISPENSED BY A PIEZOELECTRIC 
PIPET" 

ANALYTICAL CHENISTRY,US,AMERICAN CHEMICAL 
SOCIETY. COLUHBUS, 
vol. 69, no. 22, 

15 November 1997 (1997-'11-15), pages 
4540-4546, XP000727173 
ISSN: 0003-2700 




A 


UO 97 05277 A (GENSET ;6LUNENFELD MARTA 
(FR); BOUILLOT MICHEL (FR)) 
13 February 1997 (1997-02-13) 




A 

A 


tr u fci uxo A vArririAA itLn nv^ . 
10 July 1996 (1996-07-10) 




A 


UO 97 47640 A (SARNOFF CORP) 
18 December 1997 (1997-12-18) 





page 2 of 3 •^■-IX^^: ''--' 



INTERNATIONAL SVACE REPORT 



tirtn Mifll AppHcflfloii No 

PCT/US 99/30515 



C^ConklnueMoi^ 00CWEKre00H8IDEI»TOBERaJEVJUr 

CategcHy* I CttgBnpoydocunMnitnrtlhtoilogt^^ 



Retovantto daJm No. 



P,X wo 99 32663 A (FELDER STEiEN ;KRIS 

RICHARD (US)) 1 July 1999(1999-07-01) 
claims 



1-15 



f&m pCT/iaAieiO(oai*lHaonc«eaoan4chMQ(Ju|]r108B} 



i piag^ 3 of 3 



INTERNATIONAL SEARCH REPORT 



PCT/US 99/30515 



PatsntdcKumBnt 


PUbncadon 




Patent famuy 


rUDIC&QOn 




date 




mamber(8) 




UO 9629431 A 


2fr-09-1996 


US 


5605798 A 


25-02-1997 






AU 


5365196 A 


08-10-1996 






CA 


2214359 A 


26-09-1996 






CN 


1202204 A 


16-12-1998 






EP 


0815261 A 


07-01-1998 






JP 


11508122 T 


21-07-1999 






US 


6043031 A 


28-03-2000 



UO 9731256 A 28-08-1997 AU 2799797 A 10-09-1997 

CA 2244891 A 28-08-1997 
EP 0920440 A 09-06-1999 



UO 9115600 


A 


17-10-1991 


All 

AU 




JU 111— 1J»!I* 


UO 9733Q00 


A 


12-09-1997 


AU 


2069597 A 


22-09-ld97.i. 








CA 


2248084 A 


12-09ril997 








EP 


0886681 A 


30-12-1998 


UO 9705277 


A 


13-02-1997 


FR 


2737502 A 


07-02-1997 








AT 


188745 T 


15-01-2000 








AU 


717454 B 


23-03-2000 








AU 


6704596 A 


26-02-1997 








CA 


2228712 A 


13-02-1997 








DE 


69606180 D 


17-02-2000 








EP 


0843738 A 


27-05-1998 








JP 


11514850 T 


21-12-1999 


EP 0721016 


A 


10-07-1996 


US 


5556752 A 


17-09-1996 








US 


5770722 A 


23-06-1998 


UO 9747640 


A 


18-12-1997 


US 


5770370 A 


23-06-1998 








AU 


3232097 A 


07-01-1998 








CA 


2258745 A 


18-12-1997 








EP 


0918786 A 


02-06-1999 


UO 9932663 


A 


01-07-1999 


AU 


1936699 A 


12-07-1999 




R)cmPaTri8A«lO{prtrtfor*yennt)0Mtfyie«) 



